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UNITS—DEFINITIONS. 


]2 


SYNOPSIS OF UNITS. 














I.— FUNDAMENTAL. Dimensions. 
Length—Mass—Time, . 2 ; : i : et Sop e eae : L—M—T 
II.—DERIVED MECHANICAL { 
Avie ots itis ugh ea ee a ge I eat ae a ier 
Volume, e ° e = i xX L ~ L, . e e ° e . . ° e e Lé 1 | 
Molociy. <9 VeaiLe Ti Lee PB ey 3 
Momentum, .° = mass X velocity, .. = 6 <) s (R25 s =. See on 
Acééleration, A= velocity + time, <5 <2 9° 2 os Oe See 
Force, . >...  H ="mase X acceleration, (=. 36 > aiwcis se neo” (eee LMT” 
Work,. . . W = force x length, sx de sae os age Than ket =a ie aaa Sie 
‘Energy (kinetic), = $ mass X velocity3,. <<. |. 9s “se . 9<> = =: «anne 7? =e 
I1.—Derivep ELEctRO-STATIC. 
Quantity, ...... g=vQ =” force distance?, . 3 : é Le 24 Tt} 
Current, ..: . > 36 = a C = quantity+time, . : ‘ ‘ R an a ne 
Electro-motive Force, te teh ; ; qe 
Difference of Potential, é= 5 =. Works qnanuty, «- 32 es L? M 
ReSistANCO ie Seo ie hie cen OP = = = electro-motive force +current, . me Ph ay 
Capacity, . . Lake = v2K = quantity + electro-motiveforee,. . | L 
Sp. Ind. Capacity, . 2. es « + . = quantity + another quantity, . eee numeral. 











UNITS—DEFINITIONS, 


13 


SYNOPSIS OF UNITS. 





IV.—DERIVED MAGNETIC. ‘DIMENSIONS, 


5 s 3 L 
ee a Bian m =: ™ force X distance?, . oh Pe: ieee L2 M2 T7} 


—1 
Moment of a Magnet, . ml = strength of pole X length between poles, . L2 Ma A 
Intensity of Magnetisation, I = moment of magnet + volume, - s . Ol aBe mer! 
Magnetic Poiential,. . . . = work + strength of pole, wi hn: eee alk Ae Se ame 


V.—DxrRIVED ELECTRO-MAGNETIC. 


PUEChi 6) «eke 6s. Os < — intensity of field x length, . . . L? mM? pt 
GUAMIGY, coe u< oo Q = 2 = currentXtime=CT, . . eons L? M3 
Difference of Potent Eseo=work+quantity, . . . . . | LPM? a 
Resistamce, . .. R = rv? = electro-motive force + current, . 3 ;, co 
WapACY, <6 oc ees K = aS quantity + electro-motive force, ; un a 








Ratio of electro-magnetic to electro-static unit of quantity, v =8 1010 centi- ay 
metres per second approximately, . . . . WIP | T 








UNITS—DEFINITIONS. 
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SYNOPSIS OF PRACTICAL UNITS. 











| 3 Value. 
| Unit Eg Name Derivation. 
| Dn C.G.S. Equivalent. 
CC I OO rN Tee = 
| Be WESE. 10} Volt. Ampere x ohm. 10 ‘926 standard Daniell cell. 
9 
| Resistance, R Ohm. Absolute, see p. 14,; 10 ee em. mercury, 1 sq. mm. 
i section at 6° Cent. 
Current, C Ampere. Absolute, see p. 14.} 10 
_; | {1118 milligrammes of silver 
Quantity, . | Q Coulomb. Ampere x second. | 10 1 deposited per second. 
Capacity, . K Farad. | Coulomb + volt. 10° 
ne : 7" Microfarad. | 1 millionth farad. ieee 2°5 knots of D. U.S. cable. 
Power,. . Pw Watt. Volt x ampere 10° 0013405 or a horse-power. 
Works: <P: ( | Volt x coulomb. | . ,, ‘7373 ft.-lbs, in a second. 
W3 Joule. ) 
Heat, Amp.2 x sec. x ohm. 3 ‘238 calorie or Therm. 
ee Fis Secohm. Second x ohm. | 10° Apparent increased res. 
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MEASURES. 


24 


MEASURES 


Arabia, . 
Austria, . 
Bohemia, 
Brabant, . 
Burgundy, 
China, 
Denmark, 
England, 
Flanders, 
France, . 
Hamburg, 
Hanover, 
Hesse, 
Holland, . 
Hungary, 
Italy, . . 


IN WHICH THE LENGTH OF OVER-HEAD LINES ARE EXPRESSED 


IN VARIOUS COUNTRIES. 


Sen ee ATs 
piastivee Mee a |< 
wife ce MELO eS -, 
oe »> ue0aeue: : . 
- . . League, . 
i Aa al" Sige ae 
éh etter Oe 
Sint o NELIO: 

Big. CASS... 


« ‘s) » Kilométre, . 


opehen Duley. 
per meds BOSSY.) 
giver pee lee 
S Kaiewe SEOs 6c 
gee Cae WENO 5 5 
AEA NG 3 |: a 


Length 
in English 
Yards. 
2148 
10126 

10137 
6076 
6183 

632 
8244 
1760 
6864 
1093 
8244 

11559 

10547 
8101 
9113 
2025 


English 
Miles. 


122°04 
575°34 
575°96 
845°22 
351°66 
35°91 
468°41 
100° 
390° 
62°10 
468°41 
656°76 
599'26 
460°28 
517°78 
115°05 


English 
Miles. 


and 100 


do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 
do. 


Milés, &c., 
of different 
Countries. 


em? S)°95 


17°38 
17°36 
28°96 
28°46 
278°48 
21°35 
100° — 
25°64 
161°02 
21°35 
15°22 
16°68 
21°72 
19°31 
86°91 


Te) 
N 


MEASURES. 


MEASURES 


Lithuania, . . 
Norway;. .). 


.Oldenburg,. . 


Poland, 


Portugal, 
Prussia, . 


Saxony, 
Silesia, 


Spain, s 


99 . . e 


Swabia, . 
Sweden, . 
Switzerland, 
Turkey, . 
‘Tuscany, 
Westphalia, 


IN VARIOUS COUNTRIES—Continued. 


Length 
in English 
Yards, 

Bile Ne, teen 9781 
Mile, o Baits 12802 
NTO, go eg e S20 
Long Mile, . a ee OS 
Short Mile, . 6075 
League, . 6760 
Mile, 8237 
Mile, : 1628 
Versi eos 1167 
Mile, eS es 9905 
pee oe 7083 

ommon egua 
= of ae ke : 2 = 

egal egua of 

5000 Varas, . . i — 
Mile, . . i ans, i... LOtee 
Mile, 11700 
Mile, 9153 
Berri, . 1826 
Mile, 1808 


Mile. :Saisl 


English 
Miles. 
59D°73 
701°83 
614°77 
460°28 
345°17 
384°09 
480°68 

92°50 
66°30 
562°78 
402°44 


421°36 


275°34 


56335 
664°77 
520°05 
103°75 
102°72 
690°39 


English 
Miles. 


IN WHICH THE LENGTH OF OVER-HEAD LINES ARE EXPRESSED 


Miles, &c., 
of different 
Countries. 


= 18°00 


14°25 
16°26 
21°72 
28°97 
26°03 
21:37 
10811 
150°81 
17°76 
24°84 


23°73 


37°97 


17°38 
15°04 
19°23 
96°38 
97°34 
14°48 
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TELEGRAPH KNors INTO MiLeEs. 


TABLE FOR THE CONVERSION OF KNOTS oF 2029 YARDS INTO StatuTz Mites oF 1760 Yarps. 


ia. 





CEE Oe eT etl tee ee 


wee 11528 2°3057 3°4585 46114 5°7642 6°9170 80699 9°2127 i 
10 | 11°5284 | 12°6812 | 13°8341 | 14°9869 | 161898 | 17°2926 | 18°4454 | 19°5983 | 20°7511 : 





20 | 23:0568 | 24°2096 | 25:3625 | 26°5153 | 27°6682 | 28°8210 | 29°9738 | 381°1267 | 32°2795 | 33°4324 
80 | 34°5852 | 35°7380 | 36°8909 | 38°0437 | 39°1966 | 40°3494 | 41°5022 | 42°6551 | 43°8079 | 44:9608 
40 | 461186 | 47:2664 | 48-4193 | 49°5721 | 50°7250 | 51°8778 | 53°0306 | 54°1835 | 55°3363 | 56°4892 
50 | 57°6420 | 58°7948 | 59°9477 | 61°1005 | 62°2534 | 63:4062 | 645590 | 65°7119 | 66°8647 | 68°0176 
60 69°1704 70°3232 | 71°4761 | 72°6289 | 73°7818 | 74:9346 | 76°0874 | 77°2403 | 788931 | 79°5460 
70 | 806988 | 81 8516 | 83-0045 | 841573 | 85°3102 | 86:4630 | 87°6158 | 88-7687 | 89°9215 | 91:0744 
80 | 92°2272 | 93°3800 | 945829 | 95°6857 | 96°8386 | 97°9914 | 99°1442 | 100°2971 | 101:4499 | 102°6028 
90. | 103°7556 | 104°9084 | 106.0613 | 107:2141 | 108°3670 | 109°5198 : 110°6726 | 111°8255 | 112°9783 noone [ate 114-1312 
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MILES INTO TELEGRAPH KNOTS. 


TABLE FOR THE CONVERSION OF StaTuTE MiLzEs or 1760 Yarps into Knots or 2029 Yarns. 


8°6742 
17°5484 
26°0227 
34°6969 
43°3711 
52°0453 
60°7196 
69°39388 
78°0680 


0°8674 

9°5416 
18°2158 
26°8901 
35°5643 
44°2386 
52°9128 
61°5870 
70°2612 
789354 


1°7348 
10°4091 
19°0833 
27°7575 
36°4318 
45°1060 
53°7802 
62°4544 
71°1286 


79°8028 


2°6023 
11°2765 
19°9507 
28°6249 
87°2992 
45°9734 
54°6476 
63°3218 
71:9960 
80°6703 





3°4697 
12°1439 
20°8181 
29°4924 
38°1666 
46°8408 
55°5150 
64°1892 
72'8635 
81°5377 


43371 
13°0113 
21°6856 
30°3598 
39°0340 
47°7082 
56°3825 
65°0567 
73°7309 
82°4051 


5°2045 
13°8787 
22°5530 
31°2272 
39°9014 
48°5757 
57°2499 
65°9241 
745983 
83°2725 


6°0719 
147462 
23°4204 
32°0946 
40°7689 
49°4431 
581178 
66°7915 
75°4657 
84°1400 


69894 
15°6136 
24-2878 
32°9620 
41°6363 
50°3105 
58'9847 


67°6590 


76'3332 
85-0074 





16°4810 
25°1552 
88°8295 
42°5087 
511779 
59°8521 
68°5264 
77°2006 
85°8748 


a RN a 


oT FF690- OFF'T TZ992- oce OT 
6 09290. 966'T PLL. SIE 6 
8 9¢¢¢0. oSL'T LG8ZS- 082 8 
Z T9SFO0- 800'T 00002- CVS L 
9 LOLFO- | 798 SPLLT- 01Z 9 
¢ ZLPEO- 032 98ZFT- G/T ¢ 
} 8L1Z0- 9L¢ 6CFIT- OFT i 
g €80Z0- Zep TZ¢80- GOL g 
j 68ET10- 883 FILg0- OL z 
T $6900. PPL LS8Z0- / Ge T 
‘youy orenb - 900,7 OIenb - "499,77 9 
ou} 10 try Ova omy wo “sary opr FHITOCNTTSTCL a 
o1Bn i) Uy oven : USUL3s0e 
: pe min Ks pr saat Yad OFAN : atte soe 
OT SPOFFOO- 00F'S 069-8 80¢-TT OT 
6 6L10F00- 09T‘0Z 128-2 L¢8-01 6 
8 F1LS800- 026°LT 696-9 106-6 8 
Z O&Z1800- 089°¢L 880-9 9¢0-8 L 
9 9829Z00- OFF'ET PIZ-¢ 206.9 9 
¢ TZ&ZZ00- 002‘TI ChS.h FEL-G ¢ 
7 LE81100- 096'8 9LE-S 609-F 7 
g €68E100- 062'9 109-3 GGF-8 g 
z 6268000: OSh'> SEL-T B0E-3 j 
T F9FFO00- OFZ ‘S 698-0 IST-1 AE 
“SOTTAT = “SOT. 994299 
"suo, 070} ‘Sq’ OFUT eorydeisosy  0FUT SOIT 
*Sq'T SUOJ, UvdTT OFUT peoryders0exy 
SOT oyNzeIg «=—-_s WaT 
i 8 8966-23 09¢8-F 6STS1-E1 09-9 OT 
6 2199-06 $0Z6-8 92989-€L ¥6-¢ 6 
8 e¢98.8T SPSF-S TGLGT-or 83-¢ 8 
L 8690-9T G660-8 90909-0L 69-F L 
9 TPLL-€1 9819-3 16060-6 96-2 9 
G F8LF-11 O8LT-3 91G1¢-L 08-8 ¢ 
i LZ8L-6 FOPL-T 19090-9 $9.3 y 
g 1188-9 8908-1 CEST. 86-T g 
a F16¢-> ZTL8-0 Ogug0.S 68-1 3 
I 1966-6 9°SF-0 CIsT¢.-1 99-0 T 
‘SyULIy orenbg 400.7 orenbg *SyULT A 490.7 
O7VAT 4097 OFUL SYULT oyUrT oyUt 
erenbg erenbs 499.7 SULT 


‘SIIRSVIA WAG Sun12AU0D 107 sad dyyN A 


*SHUNOSVHI SG 


FAN COMI Ct OOS 


ORtare has ee 61 


Cher rs te at SL 
LO ee a a akae wail ie LT 
See ee 9L 
Oe Naa Ne techs CT 


6 


Mieco lial aaa OT 
BG etae ss MP Ears es esiehacees 6G 


Weenie eee hee ee 


TaN CO SH AD SS tO 


Gl \iaatisine tiem cmee cc ae 


F “SSUITITYS | 


: 


BESGEO. Saeeevonseesses It 
0S LEt0- Ceti roses Ray 
LOOLFO- eeteeseesesenes OL 
00EL50 eereerereeeecee 6 

SEESso- eeeerteseseesene 
O0SZ120- Oe eeesecccesecs 
L916Z0- eeteeseeraesene 
000EZ0- Seeeeseeeeeseee 
€€80zZ0 seeteeeseseeeaee 
OSLSTO- @eeeeresevaeseeets 
LO99TO- le OR a a a 
OOSZTLO- eeereteeeseeeeee 
SSEsoon- @eteesecesereee 
02900. @eeeeesseseeeees 
LOT¥FOO- @eseceeececsess 


0SZTS00- @ecoeesesseersese 
€€ES0Z00- Seeeetecseacess 
LIFOLOO: eeeeceoeesesees 


at 


=| 


mat NCD SH SH AD CO = © 


ln 


N 


et. 


d 


“S 
rinw se 


ae *SSULQLITA 


*punog 8 Jo 


SUOTJOVI [8UlIDeq Ul ssul[[Iqg pue 


‘soueg ‘ssuryyIe g JO son[eA 


0 sl = 6 | 96 T = 60- 91-6 0 = 600- 
0 ay == 8) GL ==: 80: 66-1 0 = 8v0- 
0 PEC SS L- 8-P Le <0: 89-1 0 = 200- 
0 Glos: 9 PG TE, =) 90% PPL 0 = 900- 
0 OF cae ': 0-0 T = ¢0- 02-T 0 = ¢00- 
0 S Arse oF: 9-6 0 = F0- 96-0 0 = F00: 
0  eecaated GL 0 = £0: 6L-0 0 = £00- 
0 be 8D 0 = 20- 87-0 0 = 200- 
0 a 4-6 0 = 10: ¥2-0 0 = 100- 
? ‘s F ’P ‘s F ?P ‘s t 
*20U9g pus 


SSUITIIGS Ul Zulp1ojg punog & Jo suOTPRAT [eULINE([ JO SON[VA 


re 


6LE09-T 0SSE-69 TLE82F100-0 000‘02 


GESFPL S6IL-9P FILE8Z100-0 000°69 
86286: OTS8S8-6P LES8ZPL100-0 000'9¢ 
O9GZL-T SSP9-SP 000000100-0 000'6 
€6696-0 ‘OSLP-LE SFIL¢8000-0 000 GF 


98108-0 CLIT-TE 98ZF12000-0 000'¢8 
6P1F9-0 OGP6- FG 66F1LE000-0 000 86 
GLISP-0 G901-8T TL¢8ZF000-0 : 000 TZ 
PLOGE-O OIZP-2L - PHTLE8Z000-0 000 FI 
LEO9T-0 CCEs-9 L&E8éP1000-0 000 2 
"9000 ON ‘stOTTeHOFUT _ “IIOAY ‘SqT = “SUV OF UT 
OUI SUOT[VH 4007 OIQnD OPUT STITBI "IIOAW ‘SQ'T 


“SHU OSVAW 


om) 


FANG HID Or ONO 


lor) 
N 


99889T 
OSPLFT 
€601€T 
90LFIT 
0GE86 


€&618 
9FSS9 
O9TG6P 
ELLE 
L8E9T 


ol 


AO dHID Oraone 


“SOIPOUNTTTM OqNQ ‘ssyouy orqno 


o7UT 


$Z019000. TOTES8S: 
£66F°000- SE8PSG- 
-06884000- 665976. 
8TZGF000- EIG86I- 
S199€000- L6869T- 
€1°0€000- ISSTPL- 
OTPFGO0O. PICETT- 
80S8T000- SP6F80- 
G0GZT000- GE99G0- 
£0T90000.- 9LE8CO- 


0} UT ovUI 


SOYOUT OIGND sexpOUITT TT 94ND oe ofqno9 


Loe! 


8P-1SF9 
€&-908¢ 
8I-19T¢ 
¥0-91¢h 
68-0288 


PL-SEZE 
69-0892 
PP-SE6T 
06-0621 
ST-Sb9 
*SOLJOUITTTTI 
erenbg 0zuT 
sayouy ervnbg 


SNC MID Cr DAS 


a! 


866: §S2 
869-866 
861-602 
86L-LLT 
668-291 


666-96T 
66¢-T0T 
661-92 
008-0¢ 
00F-SZ 
WOIZOUTT TH 
070} 
soyouy 


x 
} 
s). ° 


\ 


eNOS Ot 


‘soI}eW o1qng 


9ST. E48 
OF8- LTE 
GCS-G8Z 
606-196 
¥68- LIZ 


Sl¢-9LT 
96- TFL 
L¥6-0T 
TE9-0L 
9TE-¢E 
‘400,q OTIND 
oul 


SO1JOTW OfQNO 


TP9-L0T 
LL8-96 
SIT-98 
6PE-SL 
G8S-F9 


TG8:&¢ 
990-&P 
666-8 
866-16 
FOL-OT 


047UT 
sare orenbs 


1808.28 
8166-66 
OLF3-92 
1996-26 
Z289.61 


EFOF: OT 

CESL-ET 
9GF8-6 
1198-9 
6086-& 
"4000 
ovUuy 

s0.110 


€00¢9 10- 06c6- 
€0S68T0. L9E3- 
GOOFGTO- GEPL- 
GO¢SOTO- €0¢9. 
Z00€600- PLES. 
T0¢Z200- CPOP- 
1002900- 9TLE- 
TOS 9F00- LSL6: 
T001800- SCSI. 
O0SSTO0- 6660. 
‘sayouy erenbs ‘serjoyq orenbg *400,7 orenbg 
070} SeT}OUUTT TTA o7Ur 
erenby 499,7 erenbg 
OLEGE- O8T0-& 
EEFSE- GEFL-G 
96FTE- PSEP-G 
6°16. 9EET-G 
GE9EG- 8828-1 
C8961 OFGS-T 
SPLcT. 6616-1 
TISTT- FFI6-0 
PL8LO- 9609-0 
LEGE0- $t0E'0 
“‘soyouy “80.170 JT 
OFUT 0zUT 
89.1} OUT TW 007 
*‘SUAITIILUIN IY 
"SaUOSVAM 


ra NOD SH AD CrDnS 


a 


rel OCD SH UD Cr DAS 


wel OY CD SH ID Crone 


08 


ra Cie SH Sr OHaS 


BAO HID CF ODD 


INC HID Or~DRO 


eo 


= 


=i 


10200. 
$Z£900- 
€69500- 
666F00- 
616 F00- 


STSE00. 
618600- 
601200. 
90F L00- 
€02000- 


‘eA }OUNTTT 


SGOPL 
TOSZT 
8LSIL 
9966 
PEGS 


IITZ 
689¢ 
LOGH 
SESS 
GGPL 


*qouy erenbs 


erenbg 04} WO oeYy UO “sqry 
SOULUTVISO[IY OFUT OTYIUIITTTIL OJUT 
O}UI Your ‘bg ervnbs oy} uo 

oy} WO 'eqry + soulUTeISO[TY 


OLF. SP 
698-0F 
86-9§ 
Z8L-1 
9F6-L6 


COL-GS 
POLST 
§69-ST 
680-6 
T¥S-P 
‘SOlqTT 


070} 
suoTTVy 


6989-5 
£680. 
1869-8 
TGLI-8 
IIGL-G 


0896-4 
PFIS-T 
809€-T 
6106-0 
9ESP-0 
“SOULULRISO[T YT 
o7Uy 
*aqT 


FSC8E-1T 
66 PE-T 
€090L-T 
82196-0 
69628-0 


LET69-0 
COSS¢.0 
OLFLP-O 
T¢926-0 
CZ8ET-0 
*So.170UL 
“ULVISOIIYT 


“8Q'T-700,7 
$1202. CO9T-OT 
6186-1 FPFL-6 
LT9L-T F8ZL-8 
C1FG-T SZIT-L 
$1G8-T $960-9 
TIOT-L Z080-¢ 
6088 0 ZF90-F 
9099-0 TSF0-E 
FOFF-0 1GE0-G 
206-0 09T0-T 
*SULO[[’X) *xnvouuoy, 
oyUT 071 
SOI}IT suo, 
Z9F0-GG 66LF9- 
9148-61 6LESE- 
OLE9-LT 6ESTS 
EZEF-SL 6SESP. 
LLZG- ST 6L888- 
1&Z0-TI 66828. 
CSI8-8 026: 
6819-9 OFF6T- 
Z60F-F 096ZT- 
9F06-G O8F90- 

‘sq'T *soULULVIX) 
0} UT o7UT 
SOUIUIBISO[T SUIVIND 
"SHUOSVAM 


' T88.32 
860-99 
G98-L¢ 
6E9-0¢ 
868-&P 


COT-9E 
G&6-86 
669-16 
99F-FT 
€6G-L 


rN CO HD COrDRS 


“8q'T-200,F 
O7UL 


SOIPOULULVLIO[L, 


ta 


1G¥8-6 
6298-8 
9€L8-L 
$688.9 
6506-9 


O1Z6-F 
8966-8 
9296-4 
896-1 
GP86.0 
“suOL 
our 
xnvouUuoy, 


SINeooHis OFDODS 


CECE. FST 
L168 8ET 
S8¢P E3T 
¥960-801 
TP6S-26 


LI9T-LL 
P6CL-19 
0166-9P 
L¥98.08 
SGSP-ST 
‘SUIBIDH 
our 
sOULUTBL 


= 


FANS WIS Cr ORS 


[g 


Lome) 


NOM U Or Dao 


tal 


re NOD <H UD WrenNHAS 


AAC WIS OrHORS 


9) 
G&6.9 
o&8-9 
OFL-P 
LFL-? 
GGG. 


696-6 
OLE-Z 
LLL-T 
CSL. 
66S-0 
"Inoy, 108d 
5,0 02UT 
pmooeg 
red 499,7 


€8060- 1 
GLCF6-0 
L90F8:0 
8SSEL-0 
0¢0€9-0 


GPSZG-0 
EE0GF-0 
CéSTE-0 
LIOIG-0 
80S0T-0 

“SOTVLT 


07 UT 
eotleg 


89F0-F 
12F9-€ 
GLEG-E 
86E8-6 
18GP-6 


PEC0-G 
L819-T 
OFIZ-T 
$608-0 
L¥OF-0 
‘B21v]00] 


Our 
seLDYy 


618-91 818-9 
I61-ST 9ET-9 
€0S-E1 gcy-¢ 
CT8-I1 SLL-b 
LOLOL 160-7 
6&F-8 607-8 
ZEL.9 LELS 
$90-¢ CF0.B 
918-8 P9S.T 
889.1 689.0 
*puoseg “In0yH 
qed 409.7 tod So[Iy{ 
OJUT INOW = 0}UI puodeg 
Jed sjouy Jed 490.7 
‘SHLLIOOTH A 
£9T-66 06-292 
979.8 86-966 
O&ST-92 92-106 
P19-99 FS-9LT 
860-L¢ GEIST 
18. Lh OT-96T 
¢90-8€ 88 0OT 
6FS-8% 99-2 
€£0-6T FP-0¢ 
91S-6 66-GE 
9000 g *"souUvI A 
oyUT ozUr 
SOUR IT F 
IIL 3 €&60-9T 
OFE-GG OF8F-F1 
691-61 LPLS-GL 
866-LT €99¢-11 
LE3-F1 0999-6 
9¢-2T L9¥0-8 
F886 ELEP.9 
elP-L 0828: 
Ch6-P 9816-€ 
TLE-Z €609.T 
"SolDW ‘S01]0ULO[TY 
o7Ur opUT 
89.18}09H SOT 
"SHUOSVAM 


199-41 
002-81 
€SL-1T 
L96-0T 
008-8 


ESE-L 
L98-4 
00F-P 
666-4 
LOF-T 
*"ptz00ag 
zed 499,7 
OJUT INOW 
ied soli 


PN OO <M Or ORS 


rai OND HD Or BAS 


al 


rN OD SAD Or DDO 


0-688 812-662 0092 O&esort S9TlZ 0-LFT 
T-G08 966-696 OF89 16666 LEOET €-2&T 
£-(L16 PLE-6E6 0809 $9968 O€69T 9-LET 
€-L8Z €SP-606 0ZES TS8ZL PIStL 6-60T 
F206 TE¢-6LT O9SP 86619 8696T 6-88 
¢.69T 609-671 0088 ¢99TS TSeot G-EL 
9.GET 189-611 OF0E CEE LP C9F8 8-8¢ 
L-10T ¢9L.68 082 66608 6hE9 LF 
8-29 ¥F8-6¢ OGST 99902 €EZP F-66 
6-8¢ 6C6-66 09L §S0L Dire L-FT 
2 r Amo.19 8. “qou 
ioga es o e pt ys Simrad he 
3 
wen Aaa ee nc i Waa 
*SHUAAASOULY NI SHAOASsay 
OT 66E.T €8-69 OFF-6T OFFT-G 
6 CEPT G¢.9¢ 96P-LT 9629-9 
8 €12-T 12-0¢ GCE. CT CSIL-P 
L PIL-T 86-€P 809-$T 8009.€ 
9 $6.0 OL-LE $99.11 ¥980-€ 
¢ 961-0 GP: 18 0GL-6 OGLE.S 
4 L§9-0 SL-S6 9LL-L 9150.4 
€ LLP-0 ¢8.8T 6E8-¢ GSPhS-L 
G SIé-0 LG-6T 888-§ 8820.-T 
I 6ST-0 86-9 FF6-T PPIS-0 
"puodeg zed “eAnsSvd ‘mo 10d 
etn aE, att, aren non 
UI poo : 
x repnoa19 ye "ee ite na Pare aod OWN 
———_ ee 
“AQOOTOA Te_nsuy 
“SHILLIOOTH A 
"*SHUASVAN 


| a 


‘sored 
Uy INOW COrORS 


to 


PIANO His Creewonre 


eh 


“OIJOU OIGNS 6 = oITTOTNY + 
“OOUMIDOP OIGND B = SUO|[BF g99G00ZZ- = SINT x 


| 








| IZI¢ 22 196-0022 | L1-e¢e| °° 000‘0T} * eagtyersd yy 
ZIG: 12 NGG | LIS-¢¢ se OOO'T | ° fonTTTOTNYT 
TSLZ 2G £¢.¢ se 00T * e1N1[0109F] 
916. Ow eC. 82-190 OT * odBoeqd 
O70. et ae €¢g0.- 20-19 T 7: WaT | 
1200. 260. a 4 1-9 I ** OlIOEd 
4 ZG00- aye T9- To: * el MED 
we 26000. oe 190: 100 * * OIIITITTUN 














‘soqsng “SUOTTB) ‘409,7 ‘soqouy "0111 


pee 





~ 





“AYOSVAET GIATY ANY AUG 


‘Ig ‘6Z sozed oos osye 
‘gl oded ees ‘AoIy, puv “IIOAW UIA Zutpuodseii0o siYSIeM 10,7 








ee 90ZF86- | F89-6T! 69-F02 “** 1000°000'T | LVG 10 LOUIE 











aa ¥860- | $896 T| 9-022 "1000001 «| °° YeyuIny 
is $8600: | 89:T- | F0-26 "* — |000°0T = /otuureiseLa AT 
4 86000- | 610. | 9F02.6 16822-8 |000°T siipemsteperi el lo 
ess ey Ie 9F0GG- | L6G¢-€ jOOT SUIT BI00}00 HL 
ae — axe G0. | Ge. OL OULU BIS BOO, 

6PESEF-EL 37 id ZGO0- | SE0- I “we AOAINV LL) 
FG. eee ace eee coo iG SUL BISIONG 
PSI. “ie ss ay in TO- OUMUIBISIVUID 
ClO. coe ene eco eee 100- OULULBAST[ [LIA \ 
“LOL, “Sa ‘soouno 


*s00,L "SMO stodnp | sjodnp |‘seuurvip 


i eae -Ijoay | -ajoAy 








tn seen 





‘SLHOIG AA 


"‘SHUOSVAN 75 


oM} oy} Jo Aouvfonqg ey} woIy Apoq Aavoy oy} Jo Aoue 
-fonqg et} yovrqug ‘078M Ul pu ate ut ‘Ajayeredes Apog 
AAvoy oY} YSIOM OS[Y 199080} .10}VA UL WO} YsIom pus 
‘yuis Apog YYSI[ oY} OYVUA 0} YSNOU OSIV[ PU ‘19}BM UBT} 
IOIABSY BOUBISquS B JO 9ddId B YILM JL PVOT WEY} 'AIe UT 
4I YSIOM ‘10jBM UBYY JoZYSIT st Apo oy} USM —'TT @IAY 
‘AVABIS OYTOedS 
eT} oq [TA yUoT}OND oy ‘(Aaunfiong 10) pesieumut us 
¥4sSIoM JO SSOT 04} AQ JLB UL JYSIOM OY} OPIAIQ “19}BM 
O1nd UL PoSIOUIUNE JI YSIOM UlVSe pUB ‘ITV UL JL YSIOM 
yueutedxe Aq ‘Ajoyeuttxoudde JojyeM UBYy} JAOIABOY ST 
483 Apoq pr[os B Jo AyIABIS OGIoOods oY} puy OL—'] AIAy 
‘sosodind sur 
-199UTSU9 IO} AVIABIS OIOOdS JO SUOT}¥[NOTBVO UL OOUONHaSTOD 
OU JO ST GDUOIONIP 3V4} ING *T OYSTILODT JO OVI OY} Ut 
Spusdxo 103M ond “YC oZ9 01 °YRA T..6¢ UlOLJ SUISII UT 
‘UBT 1-65 = 49D $6.08 
= 19]8M JO AYISUOP TUNUWIIXBUL 04} JO 91n}B190d UIE} OU} SI 41 
eouURI UT YWIO 19.,.9T = UA 29 SI 9.INVISdM19} PAspuTys 
04} UlBINig UT ‘eINyei0dt19} pavpuRys B YB 10}vA\ O.nd Jo 
YA OWU’S OY} JO JYSIOM OY} 0} OOURISQNS WOAIS B JO y[NG 
UALS B JO JSIOM OY} JO OV. ON) Sr APIABID IIIS 
*10} 8013 
yey Moos AT[VNI0v ST Inq ‘erJOUIIOSp OIqnd & oq 0} Pepue}zuUl 
AT[VULSLIO SBA AT ‘AINDIOUL JO SoTJOUTTI{IVA 09! JO oInssoid 
olleydsowye oy} Japan pue (epeisnuseg .p yn0q%) Ayisuep 
UWNUUXBIA JO o1nyViedu194 siI 1¥ ‘038M ond Jo oUIUIvIS 
-O[IY 8 JO OWINIOA OY} SI DAG PAVpPUBIS OUT, Z 
"OUIN[OA TINUIIUIUM S$} SOUL STTLIO0-T 
SI I0}8M JO OUINjOA 9) oinieIeduIE, 1Bq} YW “AdNouEuL 
JO SOyoUL 0g JO oInsseid olueydsomye oY} 19puN pus “41oq 
-UIIYBRA .69 JO ini V19d U194 oY} 4B ‘10]BA\ Gnd Jo slOdnpALOAB 
"SQ[ OL JO OUIN[OA Of} SI MO_BD PABVpuBIs OUT, ‘T 
‘20UJO Jonboyoxy 
ey} ut ydoy st yt Jo Adoo & pus ‘UIVIG Ul [NJM ST 
pivpueys SIG} UO popuNoy S}YSIoM JO OSN OY, “saATWOIV 
Youelg oy} UL ydey st yoryM tinuyned jo sve1d ur¥y.100 
% JO ‘SlUIVq JO opniney, oy} ult ‘AinotJom Jo SetoUAI[[IUL 
09L JO einssoid oLteydsomye oy} Jepun pues ‘(epeis1yusD oF 
qnoqv) 1o}vM jo AyISuop WaNMIXBUT 9} Jo oin}vazedut9e} 043 
148 QUSIOM Of) SI DUMVBASO YW PAwpuuie oul Z 
*‘IOJSULUT}SOM 7B OOO 
IonNbHOYOXT 9} Url ydoy St Ory wnuTye[d Jo vdaid UTRI.100 B 
jo ‘Bos OY} JO [OAD OY} IBOT 10 4B puB ‘UOpuOT Jo opnj} yey 
9Y} Ul ‘AInd1EM JO SeYOUT OE JO GuNssoid d1Aeydsowye oyy 
Jopun pue Ywoyuelgqeg 29 jo ounyeiodurts, of} 9B “YYSTOM 
ou} SI SIOdMpwu8eAY punog paAepuBus ot, ‘1 


‘OLG ‘ALIOVAVO ‘LHOINM—SHYASVAN CE 


‘atjaulyjuad 19nd 
ay) 07 soumwmn.lb U2 40 ‘aljawmiap 29nd ay} 07 somun«6o]Ly UT 
‘saMsvoul YoUerg ur fyour o1gno ay2 02 srodnp.oan punod 
ur Lo oof o1qnd ay) 02 srodnp.noap s:unod ul posse.idxe 
A]JUSIUGATOND JSOUL SI SSOUIABOY SodnSsvet YSIg UT 

‘QU SIOM JO SJIUN UT ‘41 JO olUNTOA Jo JUN 
% JO JYSIOM OY} SI coULISqus AUG JO SSOWIABIFR OU], 

‘T SE 10yvM O1Nd JO SSOUTY[N oY} seinsBvoul 

youeig ul ‘sesodimd jevoyovad 10J Ysnoue Ive SI “q] OU} 
0} JOYVM OINd JO JOOJ OIQnd ZO9T0N.0 SOINSBvOU YSI}Ig Ul 

‘Q0UBISQNS UBAIS OT} JO APAVIS OYi0EdS OT} 

Aq 108M 91nd Jo ssouryyng oY} OplAIp ‘ssouLyjnq sy pug 
0} ‘e0uRsqns B Jo AyIAvIS OYIOEdS OY} ‘USATO—"A ANY 

"QWULDLHO]LY AY) 07 Salzauldoap 919Nd UL “SocnsvoUl 

youed,7 ul ‘s2odnp.1.0an punod ay} 02 jaaf 92Qnd UL possoidxe 
A}JUSIMOAMOD 4SOUL SI SSOUTY[NG SemMmsvom YSig UT 

*ssaurzanay ay7 {0 199 

-0.1d29a.6 94} SI puv ‘S]]p JUSIOA JO yun B YOIYA oUIN[OA jo 
SHUN JO JOQUINU OY} SI COURISGUS BV JO SSOULMMSY OUT 

‘QINSSOI PUS O.1N}BIEd U9} OUTS OY} 3B “ITB JO YVTY 

0} SVS UOAIZ B JO SSOUIABOY OY JO OVA OY} OJOUSP OF Posn 
u9qjo st ,, AyIsueq ., W193 ey} sasvb 03 UoOYvoljdde Ss} Uy 

“AUIACIS OPLOOdS 94 OF [eNHe ST 4T OSBO YOIY AM UT 

‘Io}VA JO OUINIOA [enbo UB JO SSBIM OY} OF ODUFISQUS OT} JO 

OUIN|OA USATS B JO SStU OY} JO O1}BI OY} 10—SSSUIABOY OT} OF 

jeube st 41 esvo YO Ul ‘owNjOA JO PUN ¥ UT ssvu Jo sjtuNn 
Jo Joqtunu oY} JOyyIe Sl voUBISqnS B jo AvIsSUuUIag OUL 

"|Bl19}BWULL SI POUOISBOOO 

O8 Io110 OY} sesodand jeorovsd Auvarps0 OJ ynq °S}USTOM 

ey} UO 10 poystiom Apog sy} UO JoyJOA “1B OY} JO uns 

-soid oy 0} onp Aoussong oY} JO JUNODD’ SUIH} JOU ATOYY 
UWIOIJ SOSTIV SO]NI GSO} [[¥ JO LoJoVATVYO oyvUIXOIdde oy, 

‘pinbr] oy} Jo AyIAvIS Oploeds 

ey} Aq yuatjonb oy Ajdyjnur pure ‘pmnbiy yeqy Ut Aouvsong 

eu} Aq JIB’ UL YYSIOM 944 OpIAIp :uMOTY ST Aytaeis og1oeds 

QSOUM PUB II OAJOsSIP JOU Soop YOIyA pinbi] culos uy AoUs 

-£onq Sit UlBIIENSB $10}BA\ UT 9Tqn{Os st yvyy3 Apod p![Os *® 
jo Ay Avis opioeds oy} Ajoyeuxoidds puy OoL— AT L1I0y 

‘$yIAvAZ OpLoods podmnbes oy} oq IT1AA yU9190Nb 04} +10}8M 

ur Aouvkonq ey Aq pmbit UeAts oy} UL }4oIOM JO SSO} 

1o ouvfong oe} oprlAtp $pmnbi, weals oY} UT pus ‘“10;eAL 

- eand ut ‘ae Ut Apo POS JUIMGATOD OUOS YSIOM ‘pinbry, 8 
Jo Aytavas oproods oy} A[o}eutxoidde puy OL— TIT F1I9y 

‘910JOd SB PEPlAIp oq 

0} SI IV UT FUSTOM syt Yoru Aq ‘ A[o}8.1edes £poq 34 s1| 049 

jo Aouvfonq oy} oq [[[AA JOpulvUtod oY} * 1oy}950} Selpod 


‘OLH ‘ALIAVUD OlM10OTdS8—Sad OSVaAW 9g 


912. . ° ° ° . . ‘10u9q ! 
‘end ‘joqoory 
818.0 °° °° 7 “euyden 
$60 ° ° ° ‘ ‘poesuly ‘TIO 
‘jana =" 

970-1..." <>. 2. * BOS “IOISM 
LI6T * ° °° “pyow orstyIN 
Th8-T ° ° * ‘prow o1anydyng 
969-61 ° °° * * ‘Aanosepy 


‘SsaIndr'yT 


99. ° °* * ° ‘mores fourg 
eg. ‘ ‘ystavdg ‘Auvsoyryy 
ani vit ‘ound ‘1eqqna-viIpuy 
86.03 26. * *eyoredeyjny 
€0-1 01 16. °° 7 “‘poomxog 
80-1 "ff Mequry 
° ‘hap * YeO 
SEO 1 Sots er emEK gE 
erp eterie fee T ‘g JtedooH 
Sah palit: “Cog 
‘AIOAT 
A aE Lhe ce its ‘myding 
03 18-1" ‘sued 104S8[q 
: ‘Zyaeng 
993° ° ° * ‘e[qaeyy 
LOR “eres 
Viet « Fee@eda > it 
On BRE ‘oie(d 66 
OO ae ‘on: aM 1 
03 €6-2"° * ‘quig ‘SSBLD) 
* + ‘Kr1e48 ‘soysoqsy 


‘SHOLVIASNT 


ice) 
== 
re 
2) 
> 
= 


AQ 


or 
CSHODOM 


o° 
a id 


for) 


SODOrAN 
eee a ee i ae 


66-0 © °° * * “umiyyTy 
16-0 e . . ° . ‘uMNIpog 
FLT ° ° *° ° ‘uInisouseyy 
on “gBO 66 
Ko. ‘Poros ‘ANTONY 
a5 «<< ‘pou 

87 °* ° ‘yovlq ‘wmtueleg 
EG fae 2 Ruguniey 
98.9 <i ea et 6 * “sRo be 
LE aS ek “pelo. * oul, 
Gore sous ‘OUT, 
LL ° ose1eae ‘ysvo 
9.10392 ° ‘sno UOlyT 
6-200 Bg 2: Sk ears 
GQ ne Scr i) [OXOIN 
F-80382 ° ° ‘svo 
79-8 ° ° ° ° ‘OIEM ssBig 
1.8 0VF-8 ‘/ejotu amn3 ezuolg 
1:8 049.8 °  48B0 °° f 
6-8 038.8 ° ‘OuTAL 

ge ° ‘po1ommmey ‘reddog 
786° °° °° “qqnUsig 
G.0T e e e ° ° . ‘ISATIG 
FIL e * . ° ° ° ‘peo, 
1&-SC ° ‘O o00T 38 = 
86-61 * “O oGT 32 bs 

9. EL e . “9 00 48 6b 
961 * “0F—pI0s ‘Aand.10 7 


96L096T° ° *° ° ‘ploy 
ia Plies ‘OdTM or 


9.36 ° ° ‘polos ‘uanuiye[g 
88-20)" Po = np aE 
"SIVLATY 

“Lagpn 


fo joof nqno » fo qybram ay) ‘F.%9 AQ 21Q07 ay? Ue Apranab 
oyfvoads ay, hjydrzjnw.‘z00f o19no » fo 7ybram ay, puyl OF °% 


*1a)0M 


fo your aqgno » fo yybram ay2 ‘[9g0. Aa 31qn72 2y2 U2 Ajranub 
owyfroads ay) fjdajnw ‘your o1gno w fo ;ybram ay? purl OF “T 


"O of LV 
FULAWIINAD O1dQO [ dO SHNNVUH NI LHDIAA AHL UO 


Cop ‘ouyuny) SATLIAVED O1MIONdS 


"‘SHUNSVAN Lg 


‘y1UN YOUIIT 9661S3-0= ° 


> *4voq Jo TUN YS ou 


“S9TUN YS ZES96-E = 92.00/09 10 yvoy JO }Iun Yous] CUO 


‘qu9Q ‘duos, 5 (ose 


neey ‘duwoy, 7=(ox8 —_ 


iz . ¢ 
ote + ‘uvey ‘dura, 4 = oZE + “WU90 emp hae 


‘qe ‘dure],) = 


—'qyeq ‘duo y) $= ney ‘duo, 


‘yueg ‘due, 


‘yeq dwey, 


‘INUNVOY of = OPVISIUIH ,-¢= PWOYMolYyV,y o6 


> + kra0 £10073 Aq 


(G-.616 — chLZ — G19 — OQ’ = ‘4 mousy for07 oyMTOscY) 


of) 00 oS 

08 .O0T oGlé 
‘mur «= ‘oped § = “4107 
“neey «3 -Tyueg « - Uae 


‘901 JO JUIOd SUIIJOT{ 
4 ereydsouys emo 1epun 
10jeM JO juIod sullI0og 
—SINIO( GUVAaNVLG 


— Bagg Jo Aysuajuy ‘10 ‘aanpuasdwmes ¥, 


‘SINT FO: 166 = ‘Aptveu 


suoT[es £g1 z= 409] O1qNd GE = 10} VM-VOS JO U0? V 


‘109M GINd JO YOO} 9Z0-T 
i * $66100-0 
if “FLT 


6b 66 


‘JOVEN JO JOO} Ok , 
“UC €-06G 
4% 10}¥BM JO JOO} 9Z09TO-0 
‘eloydsoul 
48 ouo pu ELL 
‘2G 4B IIB yo 400} 
96g 98 Amo 
-10UI JO Bey 6288-0 
‘eroydsoumye €620-0 
qout 
e1enhs ot} ao aa Geer) 
"yooy -) 
erenbs ey UO Sq) 


‘101VM BOS OSRISOAB JO JOO] OUD 
‘g1oydsouye euo 

pus ‘ze 48 1B JO JOO} oud 
: "oGE ye AIND.1.EU JO YOUL GUO 
; * ‘KInd19U JO SeYOUtT 
226. 6Z jo e1oydsouyes eC 
- ‘Gout orenbs oq} UO “q| euC 


‘“Ooj orvuhs oY} UO ‘q[ euC 


66 $6 


6s 


F-C9= UBT GGG YB 1O}VAM JO JOO} CUO 


— ‘dap ‘399,H UW] IIB AA JO speowa jo nosraudmoey) 


‘OM ‘LVEH ‘HUASSHUd UPLVA “SHUOSVAW SE 























G.G8 
1-98 
9.98 
le 
LLE 
€ 8e 
8-88 
P68 
0-0F | 0. 
G.0F | $.2e L-6F T-19 | egT 
LTP | 8.28 Z.0S G.19 | #81 
91h | ¢.ge 9.09 0:89 | est 
Sap | Lee LI¢ 7-89 | 98T 
LZp | 3.8 G.1¢ 8-89 | LST 
Ger | 9.F8 0-24 €.69 | SSI 
sep | L.¢2 ¥-2¢ 169 | 681 
ri | ¢.¢9 8.29 Z.0L | O61 
0.c6 | 0.98 £.8G 9.0L | 16L 
G.cp | .9¢ Leg LIL | 260 
L9p | $98 ZS G.1L | S61 
9.9h | G18: 9.5G 0.2L | #61 
oly | 126 | LIL] 889 | 1¢¢ P2L | S6L 
LLy | %9e | SIL | ¥69 | ¢¢¢ 8.2L | 961 
esp | 9.8¢ | BIL] 0-02 | 0-9¢ @cL | LET 
gsr | 16g | OZL | GOL | F.9¢ L@L | S6I 
rer | Gee | ZL] LIL | 8.99 GFL | 661 
0-0¢ | 0O.0F | ZL) 9-12 | e2¢ 9.FL | 006 
GOS | p.0p | cL | Ger | 22g e¢ | Len | 102 
Lig | 8.0p | Por] 222 | %8¢ $6 | GCL | 202 
9.1¢ | ep | sl} ees | 98¢ Gé | 0.9L | £06 
Gee | LIP | 920) Sez | T.6¢ 6 | P-9L | £06 
L2e | Gcp | LOL | PL | 9-69 96 | 8-92 | G02 
€e¢ | 9.ch | Sat 0-¢2 | 0-09 96 | &.LL | 902 
geo | Lep | Got | ¢-¢2 | ¥.09 16 | LLL | 106 
Pro | oep | Ost | L92 | 8.09 16 | &8L | 802 
| O6¢ | OFF | TEL] 9-92 | E19 86 | 9.8L | 60Z 
G.cg | ph | CEL] SLL | L-19 86 | L-6L | O12 
L9¢ | op | eel] LLL | %29 66 | G62 | 112 
99¢ | ecp | Fel] @8z | 9.29 -0OT | 0-08 | BIZ 























"4yUa0 /nvoe wea] ‘quoH | "Nee |"T RT| “UNH mood (Tea | 


— 





‘SUALAWOWYAH, 
INGUAIAIG 10 NOSINVANWOD 40 WIAV, 


‘STUOSVHI 6¢ 


od 











ee 








‘queo | Uvsy | Ye} uaH | Nvoey eA | yueH neo BOL CH: f 















































L-L— |G9— | 8T 1-8-&T LIT | Lg 
8-8E—| T-€6—| 0G—j_ G-LZ— | L-S— | 61 v-F1 GIT | 8¢ 
€-86——-| 9-66—-| 6I—j] 9-9— | ES— | 06 0-¢1 0-Gi | 6¢ 
L-LG— | 6 66— ea 1-9— |8-7— | IZ ¢.¢ FCL | 09 
G-LG—| L-T6—| LI] &-S— | P-F— | GS LST 8Gi | 19 
9.96—| €-I@—| 9I—} 0-E— | 0-F— | & 9-91 &&L | 69 
T-96—| 8-0Z—| GI--] F-F— | S-E— | VZ GLI L&L | &9 
G¢.GE—| F-0G—| FI—y 8-E— | L-E— | Gs LLY GPL | 9 
0:6e—| 0:0c—|.SL—} £-S— | 9G— ».96 6ST 9-FL | o9 
$.hO—|-61—| GI—] LZ— |G-s— | 2 | Sst | Let | 99 
8-E6—| T-6I—| TI] G-2— | L-I-— | 82 v-61 ¢-CT | L9 
€-63—| 9 SI—| OI] 9-I— | & I— | 66 0.02 0-9T | 89 
L-3Z—| -8I—| 6— | T-I— | 8-0— | OS COG | P9T | 69 
&-G6—| L-LI—| 8— | ¢.0— | F-0— | TE I-12 | 8-9T | OL 
O16 LE) 2 EAD 0-0 ce | 916 | SLT | TL 
T-1Z—]| 8-9I1—| 9— | &-0 v-0 && GGG | LLL | GL 
G.06—| F-9T—}| S— | LT 8-0 Pe f§ LCS | GST | SL 
0-:02—| 0-9T—| F— | 9-1 6-1 GE § €86 | 9ST | PL 
F-61—| S-GI—| E— | Z.G LT § § 8-6 | T-6L |. @2 
8-SI—]| I-GI—] G— | 26 G3 LE | V-G G-6L | 9L 
€-81—| 9-FI—| I— | &-§ 9G 8E 70-46 | 0-06 | ZL 
L-LI—|6-FT—| 0 8-§ L€ 6 § G&S | F-0G | 8L 
G-LI—| L-6I—| 1 v-P ¢.§ OF § L9G | 80Z | 62 
9-91—| €-EI—]| & 0¢ 0-7 Th | 9.93 &16 | 08 
T-91—|8-6I—| § GG PP Gh Y GLE | L1G | 18 
G.GI—| ¥-6I—| ¥ L9 8-P SP § 2-16 | GGG | ZS 
0-GI—|0-6I—| $ 9-9 &.¢ tH 4 &86 | 9-46 | €8 
P-F1-—| G-Tf—| 9 GL LG chp 4 886 | T-& | 8 
Bebe | PIES LL 6-9 9h ¥ V6G | GES | $8 | 
Sel —| 900 1s &8 9-9 Lb § 0-08 | 0-F6 | 98 
L-G1—| @-0I—| 6 88 LL 8h 7 S08 | FP | 18 
G-GI—| 26— | OT | F-6 GL 6p § LIE | 8-76 | 88 
9-1I—-|&6— | IT 0-0I | 0:8 0S 9.1§ 6-46 | 68 
LII—|8-8— | GL | ¢0OL | ¥8 IG § GE | L-S66 | 06 
G.0I—| F-8— | SI LIL |88 6S LG& | 696 | 16 
0-0I—|0:8— | FI 9-TL | &-6 €¢ &-€& 9:96 | G6 
G.6 —|Gl— | Sl | Gel | 26 Po § 8-& L-L6 | &6 
8-8 —|1-L— | 9T Lét | GOL | S¢ v-FE G-14 | $6 
6-8 —| 9-977 | LT €St |9-0L | 99° | OSE | O86 | G6 
‘quoO |" nee Ye | UID | NVeey | ye] yuo |nveyy wea 








‘SUTLAWOWUAH J, 
LNTUGAAIG 10 NOSIUVANWOD 40 AIAVJ, 


"SHY OSVEN OF 


-and [eroreurUI0D pue TIATO soz AveUTOYSNO St 4T 
*poytoods 

aq qSNUL pouOyood ST OUIT} OY} YOM Fe WeIplrour 

ay} ‘gueaso Aue jo ozep yoexe oy} MOUS OL 


ol 0st 5 BR: 09 

ne 8 col g Gh 

oP ROE OST "sIn0y Z 08 
as: GSI ‘moq T ofl 

p28 OZ ‘SoqNUIM ol. 

tp oe GOT “ONUIU T 81 

* eg 06 "Spuodes F iI 

‘sINOT al *‘puooes T uel 

‘OuhL ‘epny{suoT "oulrL, ‘epnysu0y 


*SHONDATAATC ONIGNOdSHYAOL) 


‘JoT[LAVS OY} SUIeq WOTye7s U194S¥E 
ay} je OUll} oy} ‘opnyzrcuoy, jo eouereytp tet 
0} Teuormsodorad qunowe ue Aq siayip_storze9s 
OM} 98 OUIT} TBT[OS Teo OY} ULSI uoats Aue WV 
—apupySu0'g pue sug, us0ataq UONBIIW 

“Aep 

[eerepls T6LELZ00-1 = Spuores OOP‘98 = SeynutUt 
OFP‘T = Sinoy FZ = AVA UAVIOS NVGIW 900 

-<ypemoop poprarpqns ATTensn 

eae spuossg 9‘Aep [volopis @ UT SouTMS 60-F9T ‘98 

ayvur 07 sv os poysn[pe winjnpued & Jo SUIMS O10 
fO oUt} Ot} SI ANOOUS Y-— "SUL 1B[oS uw Al 

-AyuO sr9tM0Ou 

-omgse Aq pasn ole oul, JO Somnsvout aseq} FN 

{gpmooes pu ‘soyNUTUT ‘SIMO [BotopIs OFT! POPLAtP 

SI 4] ‘Six’ sjf WO puNod 90M SUINy Gee CT} 

yorym ut porzed oy} Suteq ‘AVC IVAUAAIS OU} 
SI QUIT} FO FIun prepueys oy L— ARG [Vd19P IS 


‘ANIL 40 Sau ASVAIN 


‘SaUNSVAA IP 


| "Sque4S 
- GOO OILAGISTE PUL OTUIYJLIESUOT IOF FCF ‘"d 99g 
‘oes rod ‘oes 
yad ‘suo /,[. 186 ‘'2°? ‘008 tod ‘oes aod. “4 G.ZE = 6 


1696906 = GL LEPE = 8°63 LG = 
snipes Tenbe o1e YOUA OF ejouy 


“gab : = orayds @ Jo sUIN{OA 


pb = gb p = o1oyds @ JO oOVJANG 


Db = biG = OOM @ JO SOUSTOFUINOAT’) 


2) PGSL. = ip = of & = O[1ld @ JO BOY 


G6PLLEF-0 = % ‘SOT 


“nN 
6L¥9g-0 = = - 

Bs) 

TESTé-0 = T 
GPGLL-T = 2 

9698-6 = <* 
7999-21 = “> 
ZE8Z-9 = %G 

:"s = = 4 

an 9IFI:€ 


"SUMANWON TOAAAS() 


‘uoryejnopeo Sq ‘pormbes wey ‘sasod 
-imd oyTyWoI0s Joy pUNoF Sutog oull} repos Wout 
[eooy { YoMuUsarx) Jo ULIpILout oy} Aj se UTE 
qnoysnoiyy seovid [Te ye SWI} MOL OF sosod 


‘STU ASVAW CY 


‘un[np 
-uad spuodes oY} 10f “a2 ‘[ = J, eM ‘uUOpuOT jo 
Opnyziye] oY} UL “SHO OTP.66 = SOYOUT SET.6s =7 


Gear 
4 L b=) 


Ding PT SS ML Sk ml 
N 


‘SOYOUL F.9SE ‘onTea uOTzeJIAvIyH = 6 
‘aqNUIUL 1od SUOTYRTTIOSO Jo JoquInNy = N 
‘SpUOdes UL UOTYRTI[IOSO oUO Jo OWI, = J, 
‘SoYOUL UL UIN[NpUed Jo yySuey = 7 


"ANTOGNY gd 


RS ree 
LOTX aL =BT=8 ig 


S/ 20.8 = 26: S/ = 
Cex L=5L=A 
‘g ‘govds Jo “y, ‘oulry 
ul peamnboe puooes sod yooy ul AZI00jJaA = A 


‘jooy UL YSnoiyy us[[ey eovdg = g 
‘spuodes Ul SUT[[eJ JO SUIT], = JT, 





‘SHIGOG DNITIVY 


‘SUT ASVaN CD 










































































CG69L- | GGL | GEL | SEBL-] S8OL-| F69-| €6L9-| SF99-}| FOLI. | ZIE9- 6. 
1269. | Z809-| SEGS- | GOSE- | FZ9S- | SES. | ITFE-| T8ZS-| ESTs. | 920E- 8: 
GOGF-| SLLE- | LEOP-| OEGh- | STPF-| IOSF- | GSTF-| TLOP- | 6968: | S¥8E L 
6ELE- | ZE9S-| OZER. | TZES-| STES-| LIZE- | LTTE-| FLOE- | GZES- | LE8Z. 9 
FELZ- | ZEIG- | GEGZ- | LIES. | GLEST- | 06Z%Z- | 90ZZ-| FETZ-| EFOZ- | S96L G. 
988I-| IST-| GELZT-| ZO9T-| O6GET- | OZST- | GFET-| SsST- GEL: | 9¢ET- 
C61I-| FEIT. | GLOT- | S10T-| Z960-| 8060: | G¢80-| F080-| F220. | 9020-}6- 
990: | 9190-| Z2¢0-| TO. | T6FO- | EFO- | STFO-| SEO-| FIFEO- | ¥1E0-)2- 
€9Z0- | €GZ0- | LZZ0-| 10Z0- | L210-| #ETO- | €S10-} ETLO-} €600- | 8200-|T- 
9£900- £000. |E8¢00- |E8Z00- |96100- |€Z100- | L000-|TE000- |820000-| O- |0- 
iS) 
60- 80- L0- 90- c0. FO: | 80- | 30- 10° | 00- E 
a Pe ak A ae he ae A OPIS au ang ere eee 
‘SHINUIO TIVNG JO Ssvauy 
LL69L00- | O€FELOO- | S68EL00- | Z8EZL00- | GS80L00- | 060- 
112Z900- | 1Z80900- | Z¥F6G00- | S80S8G00- | SFL9G00- | 080. 
LI06¥00- | F8LL400- | 99G9F00- | S9EGFOO- | GLEFFOO- | 029. 
E6ELE00- | LTE9E00- | LEZEEO0. | ZIZFEOO. | ESTESOO- | 090- 
OFELZOO- | IZF9Z00. | LISEZOO- | OE9FZOO- | 8S2EZOO- | OGO 
LG88I00- | 9608100. | 6FELTOO- | 6199100. | FOGSTOO- |-OF0- 
9FG1100- | TPE1T00- | SELOTOO- | 6LTO100- | 1Z96000- | 0&0. 
6089000: | SET9000- | 9ZLG000- | 60E2000- | 606FO00. | 0Z0° 
GE8Z000- | ¢9Ez000- | O2LZZ000- | 9T0ZO00- | L9LTOOO- | OTO- 
6€90000: | €0¢0000- | 80000. | €8Z0000- j 9610000. | 000- 
600- 800- L00- 900- G00. 
Bee pe a a he tg te, Bs eas te 
866900. | 6262900. | 92%9900- | 6E0E900- | LT9E900- | 060- 
SIFEGOO. | 9OTFEOO-. | O18ZE00- | OEEIG00- | 9LG0G00- | 080- 
SOOGEOO: | FESTFOO- | ETLOFOO- | Z6G6E00- | F8FSEOO- | 0ZL0- 
OLIZE00- | GLTiG00- | T6TOSO0-. | GZG6Z00- | FLZ8Z00- | 090- 
G06ZZOO- | Z9OZZOO. | LEZTZOO- | SZFOZOO- | GE96TOO- | OSO- 
COZETOO- | ZBSFIOO. | 6EGSETO- | EOZETOO- | 99GGTOO- | OFO- 
6106000. | $¢¢8000- | €F08000- | SFEZ000- | 6902000. | 0&0. 
FZSF000- | SS1F000- | TOSE000- | F9FEOOO- | GFIEOOO- | 0c0- 
6EE1000- | ZZET000- | TETTO0O. | O0¢60000- | $8Z0000- | OL0- 
9Z10000- | TZ00000- | T€00000- | 8000000- 0 000- 
F00- €00- 600- T00- 000- 
— ‘TRIG 
*‘svoly 





‘GIVNIOAG Af DNIONVAGY ‘SHIOUID TIVWG dO Svauy 


‘SHUOSVAN 


ad 


MEASURES—AREAS OF CIRCLES. 


45 





ee 








AREAS OF CIRCLES, ADVANCING BY 10THs. 


| 


Diam 


Areas. 

‘0 | 2 3 4 3) 6 neg ‘8 "9 

0 ‘0078 "0314 0706 1256 ‘1963 2827 3848 5026 *6361 

‘7854 9503 | 1°1809|} 1°3273; 1°5398| 1°7671; 2°0106) 2:°2698| 2°5446| 28352 
31416} 3°4636| 3°8013| 41547; 45239) 49087] 5:3095| 5°7255| 61575| 66052 
7°0686 | 7:5476| 8:0424| 8:5530| 9°0792| 96211} 10°1787 | 10°7521| 11°3411)| 11°9459 
12 5664 | 13°2025 | 13°8544 | 145220 | 15°2053 | 15°9043| 16°6190 | 17°3494;} 18°0951 | 18°8574 
19°6350 | 20°4282 | 21-2372 | 22°0618 | 22°9022 | 23°7583 | 24°6301 | 25°5176 | 26°4208 27°3397 
28°2744 | 29°2247 | 301907 | 31°1725 | 32°1699 | 33:1831 | 34°2120 | 35°2566| 36°3168 | 37°3928 
38°4846 | 59°5920 | 40°7151 | 41°8539 | 43°0085 | 44°1787 | 45°3647 | 46°5663 | 47°7837 | 49°0168 
50°2656 | 51°53800 | 52°8102 | 541062 | 55°4178 | 56°7451 | 58°0881 | 59-4469} 60°8213| 62°2115 
63°6174 | 65°0389 | 66°4762 | 67°9292 | 69°3979 | 70°8823 | 72°38824 | 73°8982 | 75°4298| 76°9770 
78°5400 | 80°1186 | 81°7130 | 83°3230 | 849488 | 86°5903 | 88°2475 | S9°9204| 91°6090} 93°3133 
95°0334 | 96°7691 | 98°5205 |100°287 |102°070 |103°869 |105°683 |107:513 |109°359 |111°220 
113 097 |114°990 |116°898 |118°823 |120°763 |122-718 |124°690 |126°677 |128°679 |130°698 
132°732 |184°782 |186°848 |1388°929 |141°026 |143°139 |145°267 |147°411 |149°571 |151°747 
153°9388 |156145 |158°368 {160606 |162°860 |165°130 |167°415 |169°717 |172°034 |174°566 
176-715 |179°079 |181°458 |183°854 |186°265 188°692 191°134 -|198°5938 |196°067 |198°556 
201-062 |203°583 |206°120 |208°672 |211-241 |213-825 [216-424 |210°040 |221°671 |224°318 
226-980 |229°658 |232°352 |285°062 |237°787 |240°528 |243°285 |246°057 |248'846 [251-650 
254°469 |257-°304 |260°155 |263-022 |265°905 |268°803 |271-716 |274°646 |277°591 |280°552 
283 529 |286°521 |289°529 |292°553 [295593 |298°648 |301-719 [804-805 |307-908 |311-026 
814160 |317°309 |320°474 |823°655 |826'852 [830-064 |333:292 |836°536 |339°795 [348 070 
[0 ‘1 2 3 4 5 6 7 8 ‘9 
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AREAS OF CIRCLES, ADVANCING BY 10THS—Continued. 





| Areas. 








—> ES ES | TT | ET 
ee | ee | er ne | ees | eee fl ee ee | 


21 | 346361 | 349°667 | 352°990| 356°328| 359°681 | 363°051 | 366-436 | 369°837 | 373°253 | 376°685 
22 | 380°133| 383°597 | 387-076 | 390°571| 394-082 | 397-608 | 401°150} 404-708 | 408-282 | 411°871 
23 | 415:476| 419-097 | 422-783 | 426°385| 430°053 | 433-787 | 437-436 | 4417151 | 444°881 | 448°628 
24 | 452°390| 456°168 | 459°961 | 463°770| 467°595 | 471°436 | 475°292 | 479°164 | 483°052 | 486- 955 
25 | 490°875| 494°809| 498-760] 502°726| 506°708} 510-706! 514°719| 518°748 | 522°793 | 526°954 


26 | 530-930] 535-022 539°129| 543-253 | 547-392 | 551:547 | 555°717 | 559°903| 564-105 | 568° eet 
27 | 572°556| 576805 | 581:070| 585-350| 589-646 | 593958 | 598-286 | 602°629| 606-988 | 611-363 | 27 
| 








28 | 615°753| 620°159| 624°581| 629°019| 633°472 | 637-941} 642°425 | 646:926 | 651-442 | 655-973 
29 | 660°521] 665:084| 669°663| 674-258| 678°868 | 683-494 | 688°136 | 692°793 | 697-466 | 7027155 
30 | 706°860| 711°580| 716°316 | 721-067 | 725°835 | 730°618 | 735°417 | 740°231| 745:061 | 749-907 


81 | 754:769| 759°646| 764°539| 769°448 | 774°372 | 779313} 784:268 | 789°240| 794-227 | 799°230 
32 | 804°249| 809°284| 814°334| 819°399| 824-481 | 829°578| 834°691 | 839°820| 844 964] 850°124 
33 | 855°300| 860°492| 865699 | 870°922| 876°160| 881-415] 886-685 | 891°970| 897-272] 902°589 
34 | 907°922| 913°270| 918°635| 924°011| 929-410} 934°822] 940-249 |.945°692 | 951°150! 956°625 
35 | 962°115| 967°620| 973°142| 978°679| 984°231 | 989°800 | 995°384 |1000°98 |1006°60 {1012-23 


36 11017°87 |1023-54 |1029'21 |1034°91 |1040°62 |1046°34 |1052-09 /1057°84 |1063°62 {1069-40 
37 |1075°21 |1081°03 |1086°86 |1092°71 |1098°58 |1104'46 /111036 {1116-28 |1122-21 112815 
38 |1134°11 |1140°09 {1146-08 /1152°09 |1158-11 }1164:15 |1170°21 |1176°28 {118237 |118S-47 
39 1119459 |1200°72 |1206°87 |1213°04 |1219°22 |1225-42 [1231°63 |1237°86 |1244:10 |1250°36 
40 |1256°64 |1262°93 |1269°23 |1275°56 |1281°89 |1288°25 |129462 |1301:00 /1307-40 ‘wom iso 


0 1 <9) 3 4 5 ‘6 “7 
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mee ee | 


1820°25 1826°70 | 1833°16 | 1539°64| 1846°14] 1852°65| 1359-18 | 1365:72| 1372:28| 1378°85| 41 
1385°44 1392-05 | 1398°67 | 1405°30 | 1411-96} 1418°62| 1425-31} 1432-01 | 1438°72| 1445°45| 42 
1452°20 | 1458-96 | 1465°74 | 1472°53 | 1479°34| 1486°17| 1493-01| 1499°87 | 1506°74| 1513°62| 43 
1520°53 1527 "45 | 1534°38 | 1541°33 | 1548°30| 1555°28| 1562-28 | 1569-29 | 1576°32| 1583-37 | 44 

| 1597°51 | 160460! 1611°71| 1618°83 | 1625-97 | 1633:12| 1640°30| 1647°48| 1654°68 | 45 


1669°13 | 1676-37 | 1683°65 | 1690°93 | 1698°23 | 1705°54} 1712°87| 1720:21| 1727°57| 46 
1742°33 | 1749°74| 1757°16 | 1764°60 | 1772°05| 1779°52 | 1787-01 | 1794°51 | 1802-02 | 47 


1590°43 


46 | 1661°90 
173494 
1809°56 | 1817°10 | 1824°67 | 1832°25| 1839°84 | 1847°45| 1855-08 | 1862°72 | 1870°38| 1878°05| 48 

1885°74 | 1893°45 | 1901 17 | 1908°90| 1916°65 | 1924-42} 193220] 1940:00| 1947°82] 1955°65| 49 

1971°36 | 1979°23 | 1987°13 | 1995°04 | 2002°96 | 2010°90 | 2018°86 | 2026°83 | 2034°82} 50 


2050°84 | 2058°87 | 2066-92 | 2074°99 | 2083-07 | 2091°17 | 2099-28 | 2107-41 | 2115°56 | 51 
2131°89 | 2140-08 | 2148-29} 2156°51 | 2164:75 | 2173°01 | 2181-28 | 2189°56 | 2197°87 | 52 
2214°52 | 2222°87 | 223123 | 2239°61 | 2248°01| 2256°42 | 2264-85 | 2278°29| 2281°75 | 53 
229871 | 2307°22 | 2815°74 | 2324°28 | 2332°83| 234140 | 2349°98 | 2358°58 | 2367°20| 54 
2384°48 | 2393°14| 2401°82| 2410°51 | 2419°22 | 2427°95 | 2486°69 | 2445°45 | 245422) 55 | 


2471°81 | 2480°63 | 2489°47 | 2498-32 | 2507-19 | 2516°07 | 2524-97 | 2533°88| 2542°81) 56 
2560°72 | 2569°70 | 2578°69 | 2587-70 | 2596-72 | 2605°76 | 2614°12| 262389 | 2632°98| 57 
2651'20 | 2660°33 | 2669°48| 2678-65 | 2687-83 | 2697-03 | 2706-24 2715-47 | 2724°71| 58 
2743°25 | 2752°54| 2761°85 | 2771°17 | 2780°51 | 2789°86 | 2799°23 | 2808°62| 2818°02) 59 
2836°87 | 2846°32 | 2855°78 | 2865-26 | 2874-76 | 2884°26 | 2893°79 | 2903°34| 2912°89| 60 


ES | | | 
ee ee eee eee Oe 


1963°50 


2042°82 
2123°72 
2206718 
2290°22 
2875°83 


> 
— 
e 
te 
Diam 


Or 
lor) 
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AREAS OF CIRCLES, ADVANCING BY 10THS—Continued. 


Al 0 1 2 | 3 | 4 |) 5 6 7 ‘8 9 


ee | EE |S | NS | RD f 





es | | a | |S 


61 | 2922-47 | 2982°06 | 2941°66| 2951:28| 2960°92 | 2970°57 2980°24 | 2989°93 | 2999°63 | 3009°34 
62 | 3019°07| 302882 | 3038°58| 3048°36 | 3058°15 3067°96 | 3077°79 | 8087°63 | 3097°49 | 8107°36 
63 | 3117:25| 3127°15| 3137-07 | 3147-01| 3156°96 | 3166°92 3176°91 | 3186°90| 3196°92 | 3206-95 
64 | 3216:99| 3227°05 | 3237:13 | 3247-22} 3257-33 | 3267-46 3277°59 | 3287°75 | 3997°92 | 3308°11 
65 | 3318°31| 3328°53| 33°3876 | 3349°01| 3359°28 | 3369°56 337985 | 8390°17 | 3400°49 | 8410°84 


66 | 3421:20| 3431°57| 3441:96 | 3452°37 | 3462°79 | 3473°23 3483°68 | 3494-16 | 3504-64) 3515714 
67 | 3525°66| 353619 | 3546°74| 3557°30| 3567°88 | 3578-47 3589°08 | 3599°71 | 3610°35| 3621°01 
68 | 3631°68| 3642°37 | 365308} 3663°80| 867454} 3685°29 | 3696:06 3706°84 | 8717°64| 3728°45 
69 | 3739°28| 3750°13| 3760°99 | 3771°87 | 8782°76 | 3793°67 | 3804°60 3815°54 | 3826°50| 3837°47 
70 | 3848-46 | 3859°46| 3870°48| 38881°51| 38892°56 | 3903°63 | 3914-71 3925°81 | 3936°92 | 3948°05 


71 | 3959:20| 3970°36 | 3981:53| 3992°73| 4003°93 | 4015°16 | 402640 4037°65 | 4048:92 | 4060-21 
979, | 4071°51| 4082°83| 4094:16| 4105°51| 4116°87 | 4128-25 | 4139°65 | 4151-06 4162°49 | 4173°93 
73 | 4185°39 | 4196°87| 4208°36| 4219°86| 4231°38| 424292 | 4254°48 4266°04 | 4277°63 | 4289°23 
74 | 4300°85| 4312°48| 4324-12 | 4335°79| 4347-47 | 4359°16 | 4370°87 | 4382-60 4394°34 | 4406°10 
75 | 4417°87 | 4429°66| 4441-46} 4453°28) 4465°12 | 4476°97 | 4488°84| 4500°72 4512°62| 4524°54 


76 | 4536°47 | 4548:41| 4560°37| 4572°35| 4584°35 | 459635 | 4608°38| 4620-42 4632°47 | 464454 
7 | 465663 | 466873 | 4680°85| 4692°99| 4705°14| 4717°30| 4729°49 | 4741°68 | 4753°96 | 4766°12 
78 | 4778'37| 4790°63 | 4802°90| 4815:20| 4827°50| 4839 83| 4852°16| 486452 | 487 6°89 | 4889°27 
-79 | 4901°68| 4914°09| 4926°53| 493898] 4951-44] 4963°92| 4976-42 | 4988°93 | 5001-45 | 5014 00 
80 | 502656! 5039°13| 5051°72| 5064'32| 5076 95| 5089°58 | 5102-24} 5114°90 | 5127°59| 5140°29 


eee ee et lt ee ee a ee mea lee emma (a een ber Se aaa a 
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5153°00 
5281-02 
5410°62 
5541°78 
567451 


5808'81 
594469 
6082713 
6221:15 
6361°74 


6503°89 
6647°62 
6792-92 
6929°79 
7088°23 


7238°24 
7389°82 
7542°98 
7697°70 
785400 


AREAS OF CIRCLES, ADVANCING By 10THS—Continued. 


5165°74 
5293°91 
5423°66 
5554°98 
5687-87 
5822°33 
5958°36 
6095°96 
6235°14 
6375°88 
651819 
6662°08 
6807°54 
695456 
7103°16 


7253°33 
7405°07 
7558°38 
7713°26 
7869°71 


5178°48 
5306°82 
5436°72 
5568°20 
5701°25 


5835°86 
5972°05 
6109°81 
6249°14 
6390°04 


6532°51 
6676°55 
682217 
6969°35 
7118711 


7268°43 
7420°33 
7573°80 
7728°83 
7885°44 


5191°25 
5319°74 
5449°80 
5581°43 
5714°64 
6849°41 
5985°76 
6123°67 
6263'16 
6404°22 


6546°85 
6691-05 
6836°82 
698416 
7133 07 


7283°55 
7435°60 
7589°23 
7744°42 
7901°19 


5728'04 


5862°97 
5999°48 
6137°55 
6277-19 
6418 41 
6561°20 
6705°55 
6851°48 
6998°98 
7148°05 


7298°69 
7450°90 
7604°68 
7760°03 
7916°95 


5216°82 
534562 
547600 
5607°95 
5741°47 


5876°55 
6013°21 
6151°44 
6291°20 
6432°62 


6575°56 
6720°07 
6866°16 
701381 
7163°04 


7313°84 
7466°20 
7620714 
7775°65 
7932°73 


575490 


5890°15 
6026:97 
6165°35 
6305°31 
6446'84 
6589:94 
6734-61 
6880°85 
7028-67 
7178:05 
7329°00 
748153 
7635°62 
7791-29 
7948°53 


5242°45 
537 1°57 
5502°26 
5634°53 
5768°36 


5903°76 
6040°73 
6179°28 
6319°39 
6461°08 


6604°34 
6749°16 
6895°56 
7043°53 
719307 
734418 
7496°87 
765119 
7806°94 
7964'34 


5255'29 
5384°57 
5515°42 
5647°84 
5781°83 


5917°39 


6054°52 
6193°22 
6333°49 
6475°34 


6618°75 
6763°73 
6910°29 
7058°42 
7208°11 


7359°38 
7512°22 
7666°63 
7822°61 
7980°16 





5661°17 
5795°31 
5931°03 
6068°32 
620718 
6347°61 
6489°61 
6633°18 
6778°32 
6925°03 
7073°32 
7223°17 
737459 
7527°59 
7682716 
7838°29 
7996°00 {100 
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ne | cs | | | a | EE RS | ES | ED | SS cS | ES | 


166667 
142857 
125000 
W111 
“10000 


090909 
083333 
"076923 
071429 
066667 


062500 
058824 
055556 
‘052632 


909091 
476191 
322581 
"243902 
196078 


‘163934 
140845 
123457 
"109890 
“099010 


090090 
082645 
076336 
070922 
‘066225 


062112 
"058480 
055249 
"052356 


°833333 


454546 


312500 
238095 
"192308 


161290 
"138889 
121951 
108696 
098039 


089286 
081967 
075758 
070423 
065789 


061728 
058140 
054945 


pees 


REcIPROCALS oF NUMBERS. 


3°33333 


769231 
"434783 
303030 
232558 
188679 


"158730 
"136986 
"120482 
107527 
097087 


"088496 
081301 
075188 
"069930 
"065359 


061350 
057803 
054645 
051813 


714286 
416667 
294118 
227273 
185185 


"156250 
135135 
119048 
106383 
096154 


087719 
"080645 
074627 
069444 
064935 


060976 
057471 
054548 
"051546 


666667 
40000 

°285714 
*222222 
"181818 


153846 
*133333 
117647 
"105263 
095238 


086957 
‘08V000 
074074 
068965 
064516 


060606 
057143 
054054 


051282. 


1°66667 


625000 
"381615 
977778 
217391 
178571 


151515 
131579 
116279 
“104167 
‘094340 


"086207 
079366 
‘073529 
068493 
064103 


060241 
056818 
‘053763 
051020 





1°42857 


*588235 
370370 
270270 
212766 
"175439 


"149254 
129870 
"114943 
°103093 
093458 


085470 
‘078740 
072993 
068027 
063694 


"059880 
‘056497 
053476 


any eae ee 


1°25000 


555506 
357 143 
263158 
°208333 
172414 


"147059 
"128205 
115636 
"102041 
092593 


084746 
078125 
072464 
067568 
063291 
‘059524 


‘056180 
053191 


"055366 


111111 


526316 


0 

i 
344828 | 2 
"256410 | 3 
204082 | 4 
"169492 | 5 
6 

rf 

8 

9 

10 


144928 
126582 


112360 
101010 


091748 


‘084034 | 11 
‘077519 | 12 
‘071942 | 13 


067114 | 14 
062893 | 15 


059172 | 16 


052910 
‘050251 | 19 








ee 
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RECIPROCALS OF NuMBERS—Continued. 























No.| ‘0 4 Dattani, 4 “5 61 3 | .9 INo 





oe | | | | | | 











049505 | °049261 | :049020 | °048780 | °048544 | ‘048309 048077. ‘047847 | 20 


047170 | 046948 | -046729 | 046512 | 046296 | 046083 | 045872 | 045662 | 21 
045045 | 044843 | 044643 | 044444 | 044248 | °044053 | °045360 | 045668 | 22 
043103 | -042918 | 042735 | -042553 | °042373 | 042194 |°042017 | 041841 | 23 
24 | 041667 | 041494 | 041322 | 041152 | 040984 | °040816 | °040650 | 040486 | 049323 | 040161 | 24 
25 |°040000 | 039841 | -039683 | °039526 | -039370 | 039216 |°039063 | ‘035911 | 038760 | 038610 | 25 


20 | 050000 | 049751 | 
26 | 038462 | 038514 |*038168 | 038023 | -037879 | 037736 | 037594 | °037453 | 037318 | 037175 | 26 


21 | 047619 | 047393 
22 | 045455 | 045249 
23 | °043478 | 043290 


27 | 037057 | 036900 | 036765 | 036630 | 036496 | (036364 | °036252 |-036101 | °035971 | ‘035842 | 27 
28 | °035714 | 035587 | 035461 | 035836 | 035211 | ‘085088 | 034965 | 054843 | 034722 | 034602 ; 28 
29 | 034483 | -034364 | 034247 | 034130 | °034014 | 033898 | 033784 | -033670 | ‘033557 | ‘033445 | 29 
30 | 033533 | 033223 | -033113 | -033003 | -032895 | 032787 | °032680 | °032573 | °032468 | 032362 | 30 


31 | 052258 | 052154 |°032051 | 031949 | 031847 | ‘031746 | 031646 | °031546 | °031447 | 031548 | 31 

32 | 031250 | -031153 |°031056 | 030960 | 030864 | 030769 | °030675 | 030581 | °030488 | 030395 | 32 

33 | °030303 | -030211 | °6350120 | °030930 | °029940 | :029851 | °029762 | -029674 | 029586 | °029499 | 33 

34 | °029412 | 029526 | 029240 | -029154 | 029070 | °028986 | °028902 | °028818 | 028736 | ‘028653 | 34 

35 | °028571 | °028490 | -028409 | 028329 | 028249 | 028169 028090 | °028011 | °027933 | 027855 | 35 
| 


36 |°027778 | 027701 
37 |°027027 | 026954 
38 | °026316 | °026247 


027624 | 027548 | 027473 | 027397 
“026882 | 026810 | 026738 | 026667 
026178 |°026110 | 026042 | 025974 
39 |°025641 | °025575 |°025510 | :025445 | 025381 | :025316 025189 | ‘025126 | °025063 | 39 
40 | °025000 | 024938 |°024876 | 024814 | -024752 | 024691 024570 | 024510 | 024450 | 40 


rs 


026525 | :026455 | ‘026385 | 37 
‘025907 | 025840 | 025773 | °025707 | 38 
025253 


*027322 | 027248 |°027174 | ‘027100 | 36 
026596 
024631 

| 
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0 


024390 
023310 
023256 
022727 
"022222 


021739 
021277 
020833 
020408 
020000 


019608 
019231 
018868 
018519 
018182 


‘017857 
017544 
017241 
016949 
‘016667 


ei 


024331 
023753 
023202 
*022676 
022173 


021692 
021231 
020790 
020367 
019961 


019569 
019194 
018832 
018484 
018149 


017825 
‘017513 
017212 


016920 


poe? 


REcIPROCALS OF NumBERS—Continued. 


2 


"024272 
*023697 
023148 
022624 
022124 


"021645 
021186 
020747 
020325 
019920 


019531 
019157 
018797 
018450 
018116 


017794 
017483 
‘017182 
‘016892 
016611 





3 


024213 
"023641 
023095 
022573 
022075 


021598 
021142 
020704 
020284 
‘019881 


019493 
019120 
018762 
018416 
018083 


‘017762 
‘017452 
017153 
‘016863 
016584 





4 


024154 
"023585 
023041 
"022523 
022026 


021552 
021097 
‘020661 
020243 
019841 


019455 
‘019084 
018727 
018382 
018051 


017731 
017422 
017123 
016835 
016556 





5 


"024096 
023529 
022989 
"022472 
"021978 


"021505 
021053 
020619 
020202 
“019802 


019417 
019048 
018692 
018349 
018018 


017699 
‘017591 
017094 
016807 
016529 


6 


024038 
"023474 
022936 
022422 
021930 


021459 
021008 
"020576 
020161 
019763 


019380 
019011 
018657 
018515 
017896 


‘017668 
017361 
017065 
‘016779 
016502 





‘T 


028981 
023419 
‘022883 
022371 
"021882 


021413 
020964 
020534 
020121 
019724 


019342 
018975 
018622 
018282 
017953 


‘017637 
017331 
017036 
‘016750 


| 


8 


*023923 
"023364 
022831 
022321 
"021834 


021368 
020921 
020492 
020080 
019685 


019305 
018959 
"018587 
018248 
017921 


017606 
017301 
017007 
016722 


9 


023866 
023310 
022779 
022272 
"021786 


021322 
020877 
020450 
"020040 
‘019646 


015268 
018904 
018553 
018215 
‘017889 


017575 
017271 
016978 
016694 


°016474 | 016447 -016420 
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RECIPROCALS OF NumBers—Conlinued. 


ere | oe a es | ee | ee eee 


015152 
014925 
014706 . 
014493 
014286 


014085 
013889 
015699 
013514 
‘013333 


‘013158 
"012987 
012821 
012658 
‘012500 


016393 | °016367 
016129 
015873 
015625 
015385 


*016103 
015848 
015601 
015361 


015129 
"014903 
014684 
014472 
014265 


‘014065 
013870 
013680 
013495 
‘013316 


013141 
012970 
012804 
012642 
012484 


016340 
016077 
015823 
"015576 
015337 


015106 
014831 
014663 
"014451 
014245 


014045 
013850 


013661 


018477 
013298 


013123 


012953 
012788 
012626 
012469 


016313 
‘016051 
.015798 
015552 
015314 


015083 
014859 
014641 
014430 
014225 


014025 
013831 
013643 
013459 
‘013280 


013106 
012937 
‘012771 
012610 
012453 


016287 
016026 
015778 
015528 
015291 


015060 
014837 
"014620 
014409 
014205 


014006 
013812 
013624 
‘013441 
013263 


013089 
012920 
012755 
012594 
012438 


016260 
016000 


"015748 


015504 
015267 


015038 
014815 
‘014599 
014388 
‘014184 


013986 
013793 
‘013605 
013423 
013245 


018072 
012903 
012739 
012579 


012422 


016234 


015974 


015723 


‘015480 


015244 


‘015015 
014793 
014577 
‘014368 
014164 


013966 
013774 
013587 


018405 
013228 


013055 


012887 
012723 
012563 
‘012407 


016207 
015949 
015699 
"015456 
015221 


014993 
014771 
‘014556 
014347 
014144 


013947 
‘013755 
013569 
013387 
018210 


013038 
‘012870 
012706 
012547 
012392 


016181 
015924 
"015674 
015432 
015198 


‘014970 
014749 


014535 


014327 
‘014124 


013928 


013736 


013550 
013369 


018193 


013021 
012853 
012690 
012531 
‘012376 


016155 
015898 
"015649 
015408 
015175 


014948 
014728 
014514 


014306 


‘014104 


013908 


013717 
105532 
013351 
‘013175 


‘013004 
012837 
‘012674 


012516 
012361 
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a 


012346 
012195 
012048 
‘011905 
011765 


011628 
011494 
011564 
011236 
011111 


010989 
010870 
010753 
010638 
010526 


010417 
010309 
010204 
010101 
010000 





1 


012330 
012180 
012034 
‘011891 
011751 


011614 
011481 
011351 
0112238 
011099 


010977 
010858 
010741 
010627 


010515 


010406 
010299 
010194 
010091 


009990 


RECIPROCALS OF NumMBERS—Continued. 


2 


012315 
‘012165 
012019 
‘011876 
011737 


011601 
011468 
011338 
011211 
011086 


010965 
010846 
010730 
010616 
010504 


010395 
‘010288 
“010183 


010081 


"009980 





3 


012300 
012151 
012005 
011862 
011723 


‘011587 
011455 
011825 


011198 


011074 


010953 
010834 
‘010718 
010604 
"010493 


010384 
"010277 
010173 
‘010070 
009970 





4 

012285 
012136 
011990 
011848 
"011710 


011574 
"011442 
011312 
‘011186 
011062 


010941 
010823 
010707 
010593 
‘010482 


010373 
010267 
010163 
010060 
009960 


5 


011561 
011429 
011299 
011173 
"011050 


010929 
010811 
010695 
010582 
010471 


010363 
010256 
‘010152 
010050 
009950 


{ 


012270 

012121 
011976 
011834 
011696 





6 


012255 


012107 
011962 
011820 
011682 


011547 
011416 
011287 


011161 


011038 


‘010917 
010799 
010684 
010571. 
"010460 


010352 
010246 
010142 
‘010040 
009940 





se 

012240 
‘012092 
011947 
011806 
011669 


011534 
011403 
"011274 
011148 
011025 


010905 


010787 
010672 


010560 


010449 


010341 
010235 
010132 
"010030 
009930 


8 


012225 
012077 
011933 


011792 


"011655 


‘011521 
011390 
011261 
011136 


011013 


010893 
010776 
010661 
010549 
010438 


010331 
010225 
010121 
010020 
009921 





"9 


012210 


‘012063 


011919 


011779 


011641 


"011507 
‘011377 
011249 
011123 
011001 


‘010881 
010764 
010650 
010537 
010428 


010320 
010215 
010111 
‘010010 
009911 





No. 


100 
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MEASURES. 
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BIRMINGHAM GAUGE FOR WIRE, SHEET IRON, AND STEEL. 


Thickness in 
inches. 


Weight per Square Foot in Pounds. 


Sheet and 
Boiler Iron. 


18267 
17:053 
15°247 
137 


2°90 


be 8D EO COD 
02 OVP 


Sheet Cast 
Steel. 


Sheet 


Copper. 


4°37 


Sacer, aa cee ee 
Sag ee 
ONKOanton~= 





Sheet Lead. 


26°75 
25°06 
22°42 
20°06 
17°72 
16:75 
15°26 
14 02 
12°98 
11:98 
10°63 
9°73 
8°72 
7:90 
7:08 
642 
5°60 
4'90 
425 
3°83 
3°42 
290 
2°48 
2°04 
1:89 
1°65 


Approximate 
Thickness in 
inches. 





SIRMINGHAM GAUGE FOR WIRE, SHEET IRon, anv STEEL—Contfinued, 


Weight per Square Foot in Pounds. 





Approximate} 
No. Thickness in Sheet and Sheet Cast Sheet i 
B. W. G. Inches, Boiler Iron. Steel. Copper. ee Be Poe = 
23 ‘025 1:00 1 02 114 1°47 1: 32 
24 ‘022 0'885 0:903 101 1°30 1: 832 
25 020 0°805 0-820 0:918 1:18 1: 32 
26 ‘018 0-724 0738 0°826 1:05 1:64 
27 016 0°644 0657 0°735 0:945 1: 
28 014 0563 0°574 0 642 0°826 
29 013 0°523 0°533 0°597 0-767 
. 30 012 0-483 0 493 0°551 0 708 
Sy 31 010 0 402 0-410 0'480 0:600 
fa 32 “009 0°362 0'370 0'420 0°532 
= 33.Cti«; 008 - 0322 0 328 0:370 0°472 
< 34 *007 0282 0:288 0°323 0-413 
<3) 35 ‘005 0 230 0235 0:262 0°309 
= 36 004 L. -<070 | 9173 0:194 0 236 


,»  BrRMINGHAM GAUGE FoR SILVER AND GoLp. 
pm NE ee 





Inch 
1 004 O15 13 036 19 064 25 095 31 *133 
2 005 8 016 14 041 20 "067 26 103 32 "143 
3 008 9 019 15 047 21 072 27 113 33 145 
4 010 10 024 16 051 22 074 28 120 384 148 
5 013 11 029 17 057 23 077 29 120 35 158 
6 013 12 034 18 061 24 082 30 126 36 167 


61 





CoMPARATIVE TABLE OF DIFFERENT WIRE GAUGES IN USE. 





MEASURES—WIRE GAUGES. 
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British Standard Gauge. Birmingham Gauge. American Gauge. French Decimal Gauge. 
No. Diameter No. Diameter No. Diameter No. Diameter in 
8. W. G. in inches, B. W.G. in inches. A. W. G. in inches, F. W. G. | millimetres, 
7/0 500 a a bas 4 ee, ae 
6/0 464 0000 454 0000 4600 oe Ce des va 
5/0 432 000 425 hy " WY ena Mis ' 
4/0 “400 es dei 000 "$006 Rid eg 8 § 
3/0 372 00 380 00 Eo Llane mes Bike Re oe 
2/0 348 0 340 ‘i 7 aes Rae ae ee 
324 be oe 0 ‘3249 me Bs | 
1 300 1 300 ‘5 wad Sis 
2 276 2 -284 Hi | | gees 1. | 
3 252 3 | 259 2 2576 sed : <i | 
4 “232 4 ‘23 3 ‘2294 | ‘4 | te. 
5 212 5 |. 9 % 8 iedo rd he tke 
6 ‘192 61 ei. “208 4 2043 eg 50 
7 176 | 7 “180 5 "1819 20 4-4 
8 160 8 165 6 ‘1620 mi bed 
9 144 $ “148 Z 1443 19 3°9 
10 128 10 "134 8 "1285 18 3°4 
11 116 11 ‘120 9 "1144 17 30 
12 104 12 ‘109 10 "1019 16 27 
13 092 13 095 11 ‘0907 15 2°4 
14 080 14 083 12 | 0808 | 14 2-2 





oe Ee 
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CoMPARATIVE TABLE OF DIFFERENT WIRE GAUGES IN Use.—Continued: 


British Standard Gauge. Birmingham Gauge. 


: American Gauge. French Decimal Gauge. 
0. Diameter No. Diameter No. Diam i i 
S. W. G. in inches. | B. W. G. | in inches. A. W. G. in jana F. WG, aes 35 

eee eco eee eee eee eee 13 20 

15 072 15 ‘072 13 ‘0720 12 1°8 

16 ‘064 16 065 14 0641 11 1 16 

17 ‘056 | 17 058 15 0571 10 15 

eee , eee eee eae ses ee 9 1°4 

— aby ae i <i 8 18 

18 048 18 049 16 0508 7 12 

eee eco 19 042 17 0453 6 lil 

19 ‘040 aa 18 0403 5 10 

20 036 20 035 19 0359 4 09 

21 052 21 032 20 0320 3 08 

22 "028 22 028 21 0285 Sam 0:7 

23 024 23 .025 22 0253 1 0-6 

24 ‘022 24 022 23 0226 ae = 

25 020 25 020 24 0201 0 

26 018 26 018 25 0179 acs ds 

27 0164 27 016 26 0159 ees eee 

28 0148 28 014 27 0142 eee r 

29 0156 29 013 . aa ee 

30 0124 30 ‘012 28 0126 - os 

| 


ecg Sa A TT 
, : 
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CoMPARATIVE TABLE OF DIFFERENT WIRE GAUGES IN Usr.—Continued. 





| British Standard Gauge. 


No. Diameter 

8. W.G. +] in inches. 
31 "0116 
32 ‘0108 
33 0100 
34 0092 
. 35 0084 
36 ‘0076 
37 0068 
38 . "0060 
39 "0052 
. 40 0048 
41 - 0044 
42 0040 
43 0036 
~ 44 *0032 
45 - 0028 
46 "0024 
/ 47 ‘0020 
48 "0016 
49 “0012 
50 0010 


Birmingham Gauge. 

No. Diameter 
B. W.G. in inches. 

si | io 

82 009 

30 008 

34 007 

eco 00 5 

36 "004 


- American Gauge. 
No. Diameter 
A. W. G. in inches, 
29 0113 
30 0100 
31 "0089 
32 0080 
33 ‘0071 
34 0063 
35 "0056 
36 0050 
30 "0045 
38 0040 
39 .00385 — 
40 0031 


French Decimal Gauge. 


F. 


No. Diameter in 


W.G. | millimetres. | 
eee | eee 
eee eee 
ee eee 
eee eee 


ee EEE rae 


e+ 9 
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Usk OF THE CoMPOSITE BALANCE. 
Composite Electric Balance.—This instrument has been designed for the purpose 
of providing in one piece of apparatus, the means of measuring— 
(1) The difference of potential between two points of an electric circuit, as, for instance, 
the difference of potential between the supply conductors of an electric-light installation. (2) The 
current flowing in such a circuit. (8) The rate of working in the circuit. The instrument 
thus forms a combined voltmeter, ampere-meter, and watt-meter. 


TESTING —-THOMSON’S BALANCES. 





SIR WM. THOMSON’S COMPOSITE ELEOTRIC BALANCE. 


: of the instrument is shown in the first figure, and the theoretical diagram 
in the second figure. Where a and 6 are two coils of silk covered copper wire fixed one above 


The general form 
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83/ 


TABLE OF ELECTRO-CHEMICAL EQUIVALENTS OR GRAMMES DEPOSITED PER SECOND. 


Area of Cathode 
Square cedtinbtes per 
of Current 

50 
100 
150 
200 
250 
300 


Temperature, 
2° C. 


"0093288 
0003288 
0008287 
"0003285 
0005283 
"0003282 





Temperature, 
12° C. 


"0003287 
"0005284 
‘0003281 
"0003279 
‘0008278 
‘0003278 


Temperature, 
23° C. 








Grammes per Second. 


"0003286 
"0003283 
0003280 
0003277 
"0003275 
"0003272 


Temperature, ‘ 
“8° C. 


0003286 
0003281 
0003278 
0003274 
"0003268 
"0003262 








Temperature, 
35° C. 


0003282 
0003274 
"0003267 
0003259 3 
0003252 
0003245 





83m TESTING——CALIBRATING VOLTMETERS, 


TaBLe SHowine Gar at CATHODE IN GRAINS PER HOUR PER AMPERE OF CURRENT, WHEN 
THE TEMPERATURE AND CURRENT DENSITY PER SQUARE INcH Is KNOWN. 
| 
Cu deposited | Cu deposited | Cu deposited | Cu deposited | Cu deposited 





Square inches Current per Ampere per Ainpere per Ampere per Ampere per Ampere 
of Density per per hour per hour per hour per hour per hour 
Cathode per | Square Inch in Grains, in Grains, in Grains, in Grains, in Grains, 
Ampere. of Cathode. at at at at at 
Pal Ob 12°C. 23° C. 28° C. 35° C. 
77 13 18°266 18-261 18°256 18-256 18-233 
15°4 065 18°266 18°244 18°239 18-228 18°189 
23°1 045 18°261 18:228 18°222 18°211 18°150 
30°8 035 25 18-250 18°217 18°205 18-189 18°105 
38°5 0260 18:239 18-211 18°194 18-155 18-066 
46°2 “0217 | 18°233 


18-211 18°136 18°122 18-028 
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DIAL PATTERN. 





Dial Pattern.—In this form, the resistances are brought into circuit by 
introducing the plugs into the holes. It is therefore easier to read from 
than the Post-Office pattern. The infinite resistance plug (INF.) between 
2 and 4, or 1 and 1, must be removed when taking resistance by the Bridge 
method. 
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‘THOMSON AND VARLEY’S SLIDES. 


Free for 
Insulation CABLE + 


baa = 
To Earth or to 
Terminal 2 for O 
Copper Res. R 4 


Kor 
ne 
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a0 
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Oo 
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j2 


IOI Coils. 
Qh, Zach Coil = 000 Ohms 
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B a= O/ 
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THomMsoN AND VaRLey’s Supe Corts.—Plan of internal and external connections, 
joined up as an ordinary bridge. 
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SpeciFIc RESISTANCE IN B. A.* Units oF METALS AND ALLOYS AT 0° CENTIGRADE FROM 
Dr. Marruisssen’s EXPERIMENTS.—See Report on Electrical Standards, by F. Jenkin, p. 227. 
























Dei in, |Oeeian.gd| Oe ~ ee Bak 4 Oiseau? 
se o¥alze shel See es | seas lake ser Ss 
SPLaSISE- SE SES“ g| Chg |\SORSEssiss 
Name of Metals. BE wae owal| BES Pa | sims |Bok 228s sed 
BSQo |B aS0h) 2894s | Glee |BESZaseues 
RSSF ies ePalas= Fal S@coe Sa mists es 
Silver, annealed. . “ e ° M-2214 0°1544 9°151 0:01957 $ 0°577 
» hard-drawn, . E : 0°2415 0°1680 9°936 0 02103 1:09 vas 
Copper, annealed, see p.189,_ . 0°2064 0°1440 9°718 0°02057 1:06 0:388 
a hard-drawn, . 2 . 0°2106 0°1469 9:940 0:02104 1:09 Sag 
Gold,annealed,. . . . 0°5849 0:4080 12°52 0:02650 | 1°38 0°365 
»  hard-drawn, . z : 0°5950 0°4150 12°74 0 02697 1:39 wee 
Aluminium, annealed, ‘. 5 0°1085 0:0757 17°72 0°03751 1°94 wath 
Zinc, pressed, . ; : ; 0 5831 04067 34°22 0°07244 375 0°365 
Platinum, annealed, . Aber) 2°810 1:96 55°09 0°1166 6°08 eee 





To convert resistance of wire 1 foot long, weighing 1 grain into resistance per knot, multiply 
by 5293°1, and divide by weight of copper per knot in lbs. 
_ *One B.A. unit equals 0:9889 legal ohm. See p. 14. The above numbers multiplied by 0°9889 
give legal vhms; or deduct 1:12 per cent. 
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SPECIFIC HESISTANCE 





In B. A. Units or METALS AND ALLOYS AT 0° CENTIGRADE, FROM 


Dr. MATTHIESSEN’S EXPERIMENTS. 


Oe. Oey ge 5} Oe .- u 
So Me Soned y ow os 
SPlasiseras/ S28 4 
Name of Metals. Era Pots! 2 FL Pa 
Za oo 1G a Bo bh 28 Onoc 
moses SFiS ag 
Tron, annealed, . é < é 1:097 0°7654 59°10 
Nickel, annealed, esdoce. “baat 1°535 1-071 75°78 
Tin, pressed, ; = . 5 1396 0°9738 80°36 
Lead, pressed, “ s 3°236 2°257 119°39 
Antimony, pressed, ° z 3°456 2°411 216°0 
Bismuth, pressed, se 42 a 18°64 13:03 798°0 
Mercury, liquid, . . : 5 18°72 13°06 578°6 
ea Sor ek al al alloy, hard oe: 4943 9-959 148°35 
; : Be aig : 
tGerman silver,hard or annealed,| 2°652 1°850 127°32 
eae et alloy, hard or ant 2391 1668 66°10 
9 . e e = e 


ee 


long, ] mm. 
in diameter. 


Res. of a 
wire 1 metre 


| 


01251 
0°1604 
01701 


02526 
04571 
1°689 

1°2247 
0°3140 


0°2695 
0°1399 





mate Com- 
parative 
Resistance. 


Approxi- 





Approximate 
percentage of 
variation in 
resistance per 
degree of tem 
perature at 208 








* The alloy used for B, A. resistance units, 2 parts platinum, | part silver, by weight. 
t+ The alloy commonly used for resistance-coils, 


/ 
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RESISTANCE IN B. A.* Units or Wire 1 Foot Lone, WrEIcHING 1 GRAIN. 








Temperature. 
Soft Copper. Hard Copper. | German Silver.+ | Platinum Silver.t 
Cent. Fah 

0 32 0'2064 02106 2°652 

5 41 02102 0:2147 2°657 
10 50 0°2144 02188 2°661 
11 51°8 02153 0°2197 éee 
12 53 6 0°2161 0°2205 ee 
13 55°4 0°2170 0°2214 dee 
14 57°2 0:2178 0°2222 
15 59 0:2186 0°2231 2°666 
16 60°38 0°2194 0°2239 Sata 
17 62°6 0°2203 0°2248 wee 
18 64°4 02211 0°2256 eae 
19 66°2 0:2220 0 2265 che 
20 68 0°2228 0°2272 2°67 
21 698 0°2237 0 2283 a 
22 716 0:2242 0°2288 see 
23 73°4 0°2253 0°2299 ad 


: ( 
i | 

x One B. A. unit equals 0 9839 legal ohm. See p. 14. The above numbers multiplied by 0 9889 
give legal ohms; or deduct 1°12 per cent. 

tT Calculated from specific gravity 8°47. 

¢ Calculated from specific gravity 120. (Approximate values only.) 
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RESISTANCE In B. A.* Units oF Wire 1 Foot Lone, Weieutne 1 Grain—Continued. 








i] 

Temperature. 

J 

Soft Copper. Hard Copper. | German Silver.} | Platinum Silver.}] & 

asbaetas Cent. Fah. 

=H rt 

24 75°2 0°2262 0°2308 “ae eos 
25 77 02271 0:2317 2°675 4°27 
26 78'8 0:2279 09895 : in 
27 80°6 02287 0°2334 oe sis 
28 82°4 0°2296 0 2343 aes ae 
29 84:2 0:2305 0:2352 a ia 
30 86 0:2313 0'2360 2°68 4 28 
31 87°8 0°2322 0°2369 eee es 
32 896 0:2328 0°2375 eos ° 
33 91°4 02340 0:2388 S00 eo 
34 93°2 0°2348 0 2396 des —s 
35 95 0:2357 0°2405 2°684 4°28 
36 96°8 0'2365 0°2413 eee ° 
37 98'6 0°2376 0°2424 eos ° 
38 100°4 0°2383 0°2432 See ° 
39 102°2 0:2391 0°2440 Rex nee 
40 104 0:2400 0°2449 2°689 4°29 


* One B. A. unit equals 0'9889 legal ohm. See p.14. The above numbers multiplied by 0'9889 
give legal ohms; or deduct 1°12 per cent. 

t Calculated from specific gravity 8:47. 

t Calculated from specific gravity 12:0. (Approximate values only.) 
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RESISTANCE IN B.A. OHMS OF A KNot-POUND OF COPPER WIRE OF VARIOUS CONDUCTIVITIES, AT 75° Fan, 

















Percentage Percentage Percentage Percentage 
of Con- | Resistance] of Con- | Resistance] of Con- | Resistance! of Con- | Resistance. 
ductivity. ductivity. ductivity. ductivity. 
100°0 1196°7 98°7 1212°5 1228'6 9671 12453 | 
99°9 1197°9 98°6 12137 1229°9 96°0 1246'6 
99°8 1199°1 985 1214°9 1231:2 95:9 1247°9 
99°77 1200°3 98°4 1216-2 1282°5 95°8 1249°2 
99°6 1201°5 98:3 4217°3 1233°7 95°7 1250°5 
99°5 12027 98°2 1218°6 1235°0 95°6 1251°8 
99°4 1203°9 98:1 1219°9 1236-2 95°5 1253'1 
99°3 1205°1 98:0 1221-1 1237°5 95°4 12544 
99°2 1206°4 97°9 1222°4 1238°8 65°3 1255°7 
99°1 1207°6 97:8 1223°6 12401 95°2 1257:0 
99°0 1208°8 97°7 1224°9 1241°4 95°1 1258°4 
: 98°9 12100 97°6 12261 1242°7 95°0 1259°7 


98°8 97°5 94°9 
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RESISTANCE IN B.A. OnMs oF A Knot-PounD oF COPPER WIRE OF VARIOUS CONDUCTIVITIES, AT 75° FAH. 





Percentage 
of Con- 
ductivity. 


94°8 
94-7 
94°6 


94°5 
94°4 
94°3 


Resistance. 


Percentage 
of Con- 
ductivity. 


Resistance. 


Percentage 
of Con- 
ductivity. 


Resistance. 


1294°8 
12961 
1297°4 


1298°8 
130071 
1301°6 


1803°1 
1304'6 
1306°1 


1307°6 
1309°1 
1310°6 


Percentage 
of Con- 
ductivity. 


Resistance. 
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COEFFICIENTS FOR CORRECTING THE OBSERVED RESISTANCE OF PURE COPPER WIRE AT ANY 
TEMPERATURE TO 75° Fan —(Kempe.) See p. 193. 


Tempera- 
ture in 
Degrees 
Fah. 


Coefficient. 


Tempera- 
ture in 
Degrees 
Fah. 


Coefficient. 


Tem pera- 
ture in 
Degrees 
Fah. 


Coefficient. 


Tempera- 
ture in 
Degrees 
Fah. 





Coefficient. 


eB OP Ln | 


1:0000 


10011 
1/0021 
10032 
1:0042 
1:0053 
1:0064 
10074 
1:0085 
1:0096 
10106 
10117 
10128 
10139 
1:0149 
1:0160 
10171 
1:0182 


ee 
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CoEFFICIENTS FOR CORRECTING THE OBSERVED RESISTANCE OF PurRE CopPpER WIRE OF ANY 
TEMPERATURE TO 75° Faun.—Continued. See p. 193. 





Tempera- Tempera- Tempera- Tempera- 
ture in : ture in * ture in : ture in . 
Degrees Coefficient.| p, grees Coefficient. Degrees Coefficient.| p. erees Coefficient. 
Fah. Fah. Fah, 

66 1:0193 1:0389 48 1°0589 39 1:0793 
65°5 1:0204 1:0400 47°5 1:0601 38°5 1°0804 
65 1:0214 1:0411 47 1:0612 38 1°0816 
64°5 1:0225 1°0422 46°5 1:0623 37°5 1:0828 
64 - 10236 « 1°0433 46 1°0634 37 1:0839 
63°5 1°0247 1:0444 45°5 1:0646 36°5 1°0851 
63 i 1°0258 10455 45 1:0657 36 1°0862 
62'5 1:0269 1:0466 44°5 1:0668 35°5 1°0873 
62 1:0280 10478 44 1°0679 30 1°0885 
615 1:0290 1°0489 43°5 1:0690 34°5 1:0896 
61 1:0301 1:0500 43 1:0702 34 1:0908 
60°5 1:0312 1:0511 42°5 1:0714 33°5 1:0920 
60 1:0323- 1:0522 42 1°0725 33 1:0932 
59°5 10334 1°0533 41°5 1:0736 32°5 1:0943 
59 1:0345 10544 41 1°0748 32 1:0954 
58°5 1°0356 1°0556 40°5 1°0759 va os 

58 1-0367 1°0567 40 1:0771 aie ae 

575 1:0378 1:0578 39°5 1:0782 ne ee 
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LOGARITHMS OF COEFFICIENTS FOR CALCULATING COPPER RESISTANCE AT DIFFERENT 


0 


0°03918 


‘03827 


03736 
03644 
03553 


03462 
‘03371 
03280 


03189 


03098 
03007 
02916 


02824 
02733 
02642 
02551 
"02460 
02369 
02278 


02187 
‘02096 
02004 


* By Clark, Forde & Taylor. 


TEMPERATURES F'AH.* INCREASE 0°21 PER CENT. PER 1° F. 


+ 


003909 


03818 


03726 
03635 
03544 
03453 
03362 
03271 
03180 


03089 
02998 
02906 


‘02815 
02724 
"02633 
02542 
02451 
02360 


02269 


02178 
‘02086 
01995 


2 


0:03899 


‘03808 


03717 
03626 
03535 


03444 
03353 
03262 
03171 


03080 
02988 
"02897 


‘02806 
02715 
02624 


02533 
02442 
02351 
02260 
02168 
02077 
01986 


3 


0°03890 


‘03799 


03708 
03617 
03526 


03435 
03344 
03253 
03162 


‘03070 
‘02979 
02888 


02797 
02706 
02615 


°02524 
02433 
02342 


02250 


02159 
‘02068 
01977 





4 


0°03881 
03790 


03699 
"03608 
03517 


03426 
03335 
03244 


03152 


03061 
02970 
02879 


‘02788 
"02697 
02606 
02515 
02424 
02332 
02241 
02150 
02059 
01963 








9) 


003872 
03781 


03690 
03599 
03508 


03417 
03326 
03234 
‘03148 
03052 
‘02961 
‘02870 


02779 
‘02688 
02597 
02506 
02414 
°02328 
02282 
02141 


02050 
01959 








6 “ 
0.03863 | 0-03854 
03772 | -03763 
03681 | -03672 
03590 | -03581 
03499 | -03490 
03408 | -03398 
03316 | °03307 
03225 | -03216 
03134 | “03125 
03043 | -03034 
02952 | -02943 
02861 | -02852 
02770 | -02761 
02679 | -02670 
02588 | -02578 
02496 | -02487 
02405 | -02396 
02314 | -02305 
02223 | 02214 
02132 | -02123 
02041 | -02032 
01950 | -01941 








‘8 


0:03845 
03754 


03663 
03572 
03480 


03389 
03298 
03207 


03116 


03025 
02934 
02843 


*02752 
02660 
"02569 


‘02478 
02387 
"02296 


02205 


02114 
“02023 
01932 


For Rule and Example how to use Tables, see page 193. 
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LOGARITHMS OF COEFFICIENTS FOR CALCULATING CoPpPER RESISTANCE AT DIFFERENT 


0 


01913 


01822 
01731 


"01640 
01549 
01458 


‘01367 


01276 
01184 
"01093 


01002 
00911 
00820 


‘00729 
‘00638 
‘00547 
00456 


00364 
00273 
00182 


00091 


* By Clark, Forde & Taylor. For Rule and Example how to use Tables, see page 193. 


‘TEMPERATURES F'AH.* INCREASE 0°21 PER CENT. PER 1° F.—Continued. 


a 


01904 
01813 
01722 


01631 
01540 
01449 


"01358 
01266 


‘01175 
01084 


00993 
00902 
00811 


‘00720 
00629 
00538 
00446 
“00355 


00264 
00173 


00082 





2 





01895 
01804 
01713 


01622 
01531 
“01440 


01348 


01257 
01166 
01075 


00984 
00893 
"00802 


00711 
00620 


00528 
*00437 


00346 
00255 
00164 


00073 


3 





01886 
01795 
01704 


01613 
01522 
01430 
0133 

01248 


01157 
01066 


00975 
00884 
00793 


00702 
00610 
00519 
00428 


"00337 
"00246 
00155 


"00064 


4 


01877 


01786 
01695 


01604 
01512 
01421 


01330 


01239 
01148 
01057 


“00966 


00875 
00784 


‘00692 
00601 
00510 


00419 


00328 
C0237 
00146 


"00055 








9) 


‘00410 


00319 
00228 
00157 


"00046 


01868 


6 


01859 
01768 
01676 


01585 
01494 
01403 


01312 


01221 
01130 
01039 


00948 
00856 | 
00765 


"00674 
00583 
00492 


00401 


00310 
00219 
00128 


00036 





rt 


01850 
01758 
01667 


01576 
01485 
01894 


01303 
01212 
01121 
01030 
0093 8 


‘00847 
‘00756 


00665 
‘00574 
00483 


"00892 


00301 
00210 
00118 


00027 





‘8 


01840 
01749 
01658 


"01567 
01476 
01385 


‘01294 


‘01203 
01112 
‘01020 


00929 
00838 
00747 


"00656 
00565 
00474 
‘00383 


00292 
00200 
00109 


‘00018 


9 





01831 
01740 
01649 


01558 
"01467 
01376 


01285 


01194 
‘01102 
‘01011 
00920 
‘00829 
‘00738 


‘00647 
00556 
00465 


‘00374 


‘00282 
00191 
00100 


00009 





*).. BU18q [9038 
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Fusina Errects oF EvLEctrRic CuRRENTS. 
By W. H. Preece, F.R.S. See“ Proc. Roy. Soc.,” vol. xliv., March 15, 1888. 


The Law—C = ad3/2, where, C, current; a, constant; and d, diameter—is strictly followed; and the 
following are the final values of the constant, ‘‘a,” for the different metals as determined by Mr. Preece :— 


Inches. Centimetres. Millimetres. Inches. Centimetres. Millimetres. 
Copper, . . - 10,244 2,530 80:0 Tron, fz é . 93,148 777°4 24°6 
Aluminium, . - 7,085 1,873 59°2 Tin, . 3,642 405°5 12°8 
Platinum, . Ja BIZ 1,277 40°4 Alloy (lead and tin 
German Silver, . 5,230 1,292 40°8 2tol), . . 1,318 325°5 10°3 
Platinoid, ee: SY 65) 1,173 37° 1 Lead, . ete 340°6 10°8 


With these constants the two fo! lowing tables have been calculated: ~ 
TABLE SHOWING THE AMPERES REQUIRED TO FUSE WIRES OF VARIOUS SIZES AND MATEPIALS. 








Mee ie ee _| pate 
No. Diamete> : Copper. | Aluminium { Platinum. | Ger. Silver.| Platinoid. Tron Tio. Lead, . 
8, W.G. d qa a= 10,244| @=7585. | a=5172. | a2 5250. | q— 4759. | a 3148, } a= 1642, i ie a= 1379. 








{ 
Inches. é 

14 0:080 0°022627 | 231°8 171°6 117°0 118°3 107°5 1i-92 37°15 29°82 31°20 
i 
\ 
} 
| 
! 





16 | 0:064 0:016191 | 165°8 | 122°8 83°73 84°68 76°90 | 50°96 | 26°58 | 21°34 |. 22°32 
18 07048 , 0°010516 | 107-7 19°TS 54°37 54°99 49°95 | 33:10 1727 13°86 14°50 
20 | 0:036 41-99 9°002 | 9:419 
7692 6175 | 6°461 
5357 4°300 | 4°499 
3°965 3°183 3°330 
2°956 | 2°378 | 2°483 


| 0006831 | 69°97 | 5118 35°33 35°72 32°44 | 21°50 
22 | 0:028 | 0004685 | 48°00 | 35°53 24°23 24°50 22°25 | 14°75 

4 | 0:022 | 0°003263 | 33°43 | 24°75 16°88 17°06 15°50 | 10:27 
26 | 0-018 | 0°002415 | 24°74 | 18°32 12°49 12°63 11°47 7602 | 
28 | 0:0148 | 0:001801 | 18-44 | 13°66 9°311 9°416 8552 | 5667 
30 | 00124 0°001881 | 14715 | 10°47 77142 7°222 6°559 | 4°347 | 2-267 | 1°820 | 1904 
3 00108 | 0:001122 | 11°50 | . 8512! 5°805 5°870 5-330 | 3533 | 1-843 | 1479 1-548 | 


Note.—VLhe size of ‘cut outs” or fuses for electric lighting circuits can be taken at once from the second 
table. Pure copper wire makes the bestand most reliable cut out or fuse, and should never be less than 
1 inch in length between the terminals to which it is fixed so as to prevent the cooling effect of the ter- 
minals.—A. J. 
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TABLE GIVING THE DIAMETERS OF WIRES OF VARIOUS MATERIALS WH 





Current 


in 
amperes. 


Copper. 


£5 10,244. 


0°00z1 
0°0034 
0°0044 
0°0053 
0:0062 
0:0098 
0°0129 
0°0156 
0:0181 
0°0205 
0°0227 
0°0248 
0°0268 
0°0288 
0°0325 
0°0360 
0°0394 
0°0426 
0°0457 
0°0516 
0°0572 
0°0625 
0°0676 
0°0725 
00784 
0°0841 
0°0897 
0°0950 


Aluminium 


@ = 7585. 


0°0026 
0°0041 
0°0054 
0°0065 
0°0076 
0°0120 
0°0158 
0°0191 
0°0222 
0°0250 
0°0277 
0°0303 
0°0328 


0°0352 


0°0397 
0°0440 
0°0481 
0°0520 
00558 
0°0630 
0°0698 
0°0765 
0°0826 
0°0886 
00958 
01028 
0°1025 
01161 


Platinum. 
a = 5172. 


~ 00033 


00053 
00070 
00084 
00098 
0-0155 
00208 
00246 
0-0286 
00323 
00358 
00391 
0:04.23 
0°0454 
00513 
0:0568 
00621 
00672 
0:0720 
0-0814 
00902 
00986 
01066 
071144 
01237 
01327 
0°1414 
01498 





ICH WILL — Fusep By A CURRENT OF GIVEN 
STRENGTH.—W. H. Preece, F.R.S. d= (=) &, 
a 


DIAMETER 1N INCHES. 


Ger. Silver. 
a= 5220. 


0°0033 


00053 
00069 
0°0084 
00097 
00154 
0°0202 
0°0245 
(0284 
0°0520 
0:0356 
0°0388 
0°0420 
0°0450 
0°0509 
0°0564 
0°0616 
0°0667 
0°0715 


0°0808 - 


0°0895 
0°0978 
0°1058 
0°1135 
0°1228 
0°1317 
0°1404 
0°1487 


Platinoid. 


0°0035 


0°0056 
0:0074 
0:0089 
0:0104 
0°0164 
0°0215 
0°0261 
0°0303 
0°0342 
0:0379 
0°0414 
00448 
0°0480 
0°0542 
0°0601 
0°0657 
00711 
0:0762 
0:0861 
0:0954 
0°1043 
0°1128 
0:1210 
01309 
0°1404 
01497 
071586 


Iron. 


a = 3148. 


0°0047 
0°0074 
0:0097 
0:0117 
0°0136 
0°0216 
0°0283 
0°0345 
0°0398 
00450 
0:0498 
0:0545 
0°0589 
0°0632 
0°0714 
0:0791 
00864 
0°0935 
0°1003 
0°1153 
0°1255 
0°1372 
071484 
0°1592 
0°1722 
0°1848 
0°1969 
0°2086 


Tin. 
6 oO 


a = 1642. 


0°0072 
0:0113 
0°0149 
00181 
0°0210 
0°0334 
0°0457 
0°0529 
00614 
0°0694 
0:0769 
0°0840 
0°0909 
0°0975 
0°1101 
0°1220 
0°133 

0°1443 
0°1548 
0°1748 
0°1937 
0°2118 
0°2291 
0°2457 
0°2658 
0°2851 
0°303 

0°3220 


Tin-lead alloy 
= 1318. 
0:0083 
0°0132 
0°0173 
0°0210 
0°0245 
0:0386 
0°0506 
0:0613 
00711 
0°0805 
0°0890 
0°0978 
0°1052 
0°1129 
0°1275 
0°1415 
0°1544 
0°1671 
0°1792 
0°2024 
0°2245 
0°2452 
0°2652 
0°2845 
0°3077 
0°3301 
0°3515 
0°3728 


—_—_— 


Lead. 


@ = 1379. 


0°0081 
0°0128 
00168 
0°0203 
0°0236 
0°0375 
0°0491 
0°0595 
0°0690: 
0°0779 
0-0864 
0°0944 
01021 
0°1095 
0°1237 
0°1371 
0°1499 
0°1621 
0°1739 
0°1964 
0°2176 

02379 

0°2573 

0°2760 

0°2986 

0°3203 

0°3413 

0°5617 
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ELECTRIC LIGHT AND POWER CONDUCTORS. 


DIAMETERS, WEIGHTS, NEAREST BRITISH STANDARD WIRE GAUGE, AND RESISTANCES OF 1,000 FERT 
OF COPPER CONDUCTOR OF DIFFERENT SECTIONAL AREAS, WITH CURRENT IN AMPERES, AND 
THE CONSTANT, C2/746. CoNnDUCTIVITY, 95 PER CENT. OF PurE Coprer. 'TEMPERATURE, 60° 
Fau,—By E. W. Brecxinesa.e, C.E.—7he Electrical Review, Sept. 22, 1883, 







Board of 
Trade New Exact | Exact | Weights, Resistance, 2 
apes mee Diameter. |S.-Area| 1,000 Feet. 1,000 Feet. Current) 02/746 
Wire Gauge. 
Near- 
est | meter. 
Nos. Ins. Inches. Sq. in Ibs. Tons. Ohins. Reciprocals. sAmperes. 
1:1284 1-00 3854 2 1°7206 00853 117-23 1000 1340°5 
1:0705 90 38468°7 1°5485 00948 105°52 900 1085°8 
1:0093 80 3083 3 13765 “01066 93°789 800 857°91 
94407 70 26980 1°2044 01218 82:°065 700 656°84 
90972 65 2505°2 11184 "01312 76°203 650 566°35 
87404 60 2312°5 1:0324 °01422 70°341 600 482°57 
$3682 ‘DO 21198 "94633 *01551 64°479 550 405°49 
79787 ‘50 | 19271 | “86030 f “01706 | 58617 J 500 335°12 
‘77768 475 f 1850°7 *$1728 ‘01796 55 687 475 302°44 
"75694 450 § 17844 "T7427 01896 52°756 450 271°44 
*73562 425 # 163880 73126 "02007 49°825 425 242°13 
‘71365 ‘400 1541-7 *68824 02133 46°895 400 214°48 
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Evectric Ligut AnD PowER ConpucTors—Continued, see p. 22) 


——— = 














Board of | 
a kd Exact | Exact Weights, 
Standard Diameter. |S.-Area 1,000 Feet. 
Wire Gauge. 
Near- | Dia- 
est | meter. 
Nos. Ins. Inches. Sq in lbs Tons. 
69099 375 1445°3 64522 
66756 3850 1349 0 60221 
64328 325 1252°6 50919 
61803 300 1156°2 51618 
59173 275 1059°9 47316 
56417 250 63°54 43015 
53524 225 867°18 38713 
7/0 | °500 50463 200 770°80 34412 
6/0 | 464 "47204 175 674°48 *30111 
5/0 45 *43706 "150 578'12 "25809 
4/0 400 "39-94 125 481°77 *21508 
3/0 372 *35682 "100 385°42 “17206 
2/0 | °348 33851 ‘090 346°87 15485 
0 B24 °31916 “080 30833 ' °13765 
1 300 °29854 070 269°S0 *12044 
1 300 28768 065 250°52 "11184 


Resistance, 


Current 


1,000 Feet. 
Ohms. Reciprocals. }Amperes. 
02275 45°963 375 
02437 41°033 30 
02625 38°102 325 
02843 35°171 300 
03102 32°240 275 
‘03412 29°308 250 
03791 26°378 225 
04265 23°447 200 
04874 20°516 175 
05687 17°585 150 
06824 14°654 125 
08530 | 11723 | 100 
09478 10°552 90 
‘10662 9°3789 80 
12185 8:2065 70 
13123 7°6203 65 


2/746 


188'51 
16421 
141°59 


120°64 


101°37 
§3°780 
67861 
55°619 


41053 
30°161 
20°945 


13'405 


10°858 
85791 
6°5684 
5°6634 
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Exectric Light AND Power Conpuctors—Continued, see p. 221. 








Board of 
Trade New Exact Exact Weights, Resistance 
5 Jo Diameter. |S.-Area 1,000 Feet. 1,000 Feet. Curren coset ee 
ndard 
Wire Gauge. 
Near-| Dia- * 
est | meter. 

Nos. Ins. Inches. Sq. in. Ibs. Tons. Ohms. Reciprocals. {Amperes. 
2 *276 *27640 °060 231 25 10324 14217 70341 60 4°8257 
3 "252 °26462 055 211°98 "09463 "15509 64479 £15) 4°0549 
3 *252 25232 "050 192°71 03603 "1,060 58617 50 3°9512 
3 *252 "24592 0475 183°07 ‘08173 17958 5'5687 47°5 3°0244 
3 "252 23937 *0450 173 44 ‘07743 18955 5°2756 45 2°7144 
4 | °232 *23262 "0425 163°80 07313 *20070 4°9825 42°5 2°4123 
4 232 °22567 0400 15417 06882 213825 4°6895 40 21448 
+3) 212 21851 0375 -144°53 "06452 22746 43963 37°5 1°8851 
5 *212 21110 0350 134:90 “06022 24371 41033 35 16421 
5 212 20342 0325 125 26 "05592 26246 3°8102 32°5 14159 
6 "192 "19544 “0300 115°62 05162 28483 35171 30 1°2064 
6 "192 18712 0275 105°99 04732 *31018 32240 275 1:0137 
7 176 17841 "0250 96°354 "04302 *34120 2°9308 25 *83780 
vf 176 “16925 "0225 86°718 ‘03871 37911 2:6378 22°5 ‘67861 
8 "160 "15958 "0200 77 080 03441 42649 2°3447 20 "53619 
9 "144 *14927 0175 67°448 03011 48742 2°0516 175 41053 
9 144 "13819 0150 57°812 *02581 "56866 1:7585 15 30161 
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Exxctric Licut anD PowEr Conpuctrors—Continued, see p. 221. 


Board of 
Trade New 
Legal 


Standard 
Wire Gauge. 
Near-| Dia- 

est | meter. 
Nos. Ins. 

10 128 

1l "116 

12 | -104 

12 "104 

13 092 

13 092 

14 | :080 

15 072 

15 ‘072 

16 "064 

16 064 

17 | 056 

18 | -048 

19 040 

20 ‘036 

a 






Exact Exact 
Diameter. |S.-Area 










48177 
38°542 
34687 
30°833 
26'980 
93-125 
19-271 


17344 
15°417 
13°490 


11°562 


9°6354 
71084 
5°7812 
3°8542 
34687 





Weights, 
1,000 Feet. 


Tons. 


02151 
01721 


01549 


01376 
01204 
_ 01032 


00860 


‘00774 
00688 
‘00602 


00516 


00430 
00344 
00258 


00172 


00155 
00188 






















Resistance 
To0e-Hect. ..prurent 

Ohms. Reciprocals. fAmperes. 

*68239 1°4654 12°5 

"85299 11723 10 

94776 1:0552 9 
1:0662 *93789 8 
1:2185 *82065 7 
14217 “70341 6 
17060 | ‘s86l7 | 5 
1°8955 *52756 4°5 
-2°1825 "46895 4 
2°4371 41033 3°5 
2°8433 35171 3° 
3°4119 29308 2°5 
4°2649 *23447 2° 
5 6866 "17&85 15 
8°5299 11723 1 
9°4776 *10552 9 

10-662 09379 °8 











C2/746 


20945 
13405 


‘10858 


°08579 
"06568 
04825 
*03351 


02714 
02145 
01642 
01206 
00838 
00536 
00502 


"00134 


00109 
00086 







*IOJONPUOd Jo 4d0F QOO'T 10d 4soy toMmod 
-OS10OY oY} OAIS ‘soouvysisor on} Aq pordyjnu 
“opl/.D “queystoo oY} JopuN sqzUeTOyjeoo ol], 


*peimnbei souvysisor oyeurxoidde oy} punoj oq 
[[LM oytsoddo AyQoexe ‘UUINTOOD SsUIyO eY4 UI USA 
‘UUINTOO [wooadtoed UI AoquInu Sutpuodseit0o oy 
IO} SUTYOO] pu ssouvysiser oatzosdso1 OY} JO s[vo 
-oidioer oy} Surppe Aq punoj oq ATIpvat uvd SozIs 
quoJeyIp JO symoato Jo puvays Aue jo a0wngsrsou 
pourguod oy sjeooadioeyy Jo uUIN[OO oY} WOT 

‘qo0j sod 
"CT 600. ‘ITM LT "ON JO pure * ST OGT.T St Pore 
-"008 &, OITA JO OOF V JO JYSTIOM OY} “SNYZ : OITA\ JO 
q00} tod 4yS1om oY} 10f gFoT O49 09 Soov[d soryy 
SUUIN[OO S}USIOM UT quod [eUIDEp oY} IACT 


(‘10 ‘@ ‘apn ¢,wosarumne sag) *swo1D))DISUL 2) DUS 
Lof yonuLouosa pun afps st ayns sty, “LOJONpUO/) 
ay} Jo vere TeuoTjoes yout saenbs sod sosedure 
OOOTL JO Siseq 944 UO SI—JUeLINgQ—UUINjOO oy], 


‘Ye T 09 32 seddoo oand Jo yooF orqno 
AO JO JYSIOA ot]} oq 04 Woyeg ST Sq] Egg £ SUTvIO 
QOT Surystem aoddoo poreeuue ound jo sowout 
OOT JO "YRAT .09 ¥¥ OOURZSISOA OY} ST “MOSSOTy}4e NN] 
‘IQ, 0} SuIpsoooe “yor “WYO QTGT. St sefqey 
Sutpoooid oy} 10j oouvystsayy Jo paepucyzg oT, 


*LIVIT OINLOATA —SUOLOOGNOD 1Z3 











96-4 006 86-8 96 
6F-P O6T 8P-6 06 
PL-b OST ¥0.01 ¢8 
GO OLT 99 OT 08 
£&-¢ OoL LE-11 GL 
89-¢ OST ST-ZL OL 
60-9 OFT CL&L | go 
99.9 OST 6G-FL 09 
IL-2 a | 1¢-SL gg 
GLL OIT 90-LT 0g 
69-8 00T 96-81 cP 


ee ee 


‘4s0[ ASI0UG , 
Jo osvyued10g POA | 


‘yso[ AS10U : 
JO 9de]Ued10g SHOA 








‘ro0LOna 
-NOO dO LOGE OOO'L HYOOUHL ‘sq 
INGUGIIIG LV ‘SUTAV], ONIGHOAUG AHL NI 
SINTUYAD THL A LSOT AVYANGY AO TOVINTOULG 


‘“LHDIT O1ULOaTaA— SUOLOAGNOO GGG 


CONDUCTORS—ELECTRIC LIGHT, 


223 


DIMENSIONS OF Cross SEcTION OF RouND WIRE, WITH RESISTANCE, CONDUCTIVITY, AND 
WEIGHT OF PURE CoPPER WIRE. 


By J. T. Bortomiry, M.A., F.R.S.E. (From Electrical Review, 8rd November, 1883). 









% ; 
No. on New Diameter. Area of cross | Pure Copper Wire (soft drawn) | weight of wire 
















Board of section. at 15° Cent. or 59° Fah. Sp. gr. 8°90. 
Trade wire 

gauge, or Square 3 De 

S.W.G. Inch. Centimetres. | Centimetres. 0! Resistance Conductivity | Grms. per metre, 









hms per metre.|Metres per ohm. 





Ce ee ee 







7/0 500 1:270 1:267 000135 74021 1127-4 
6/0 "464 1178 1:090 000157 6370 970°2 
5/0 °432 1°097 945 000181 5521 840°8 







4/0 “400 1:016 ‘811 000211 4736 721°3 
3/0 372 945 ‘701 000244 4098 624°2 
2/0 "348 *884 "613 000279 3584 545°9 









0 324 823 "532 000322 3107 473°2 
1 300 762 °456 "000375 2666 406°1 








* From this column the size of‘wire required to carry a certain current for incandescent lighting can easily 
be found, according to Sir William Thomson’s rule for bare copper—viz., not less than 1 square centimetre 
per 50 amperes. This appears to us tobe too liberal an allowance of copper for well insulated ship leads. For 
example, No, 20 wire of 96 per cent. conductivity will carry 1 ampere without danger of over-heating, and 
may be used for 1 Edison 16-candle lamp, taking ‘7 amperes when length of forward and branch wires do 
not exceed 20 feet with perfect safety. For main leads on board ship, where the length is not great, a safe 
rule will be 1 sauare centimetre of 96 per cent. conductivity copper wire per 150 amperes. 
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DIMENSIONS oF Cross Section oF RounD WIRE, WITH RESISTANCE, CONDUCTIVITY, AND 
WEIGHT OF Pore CoprpeR WiRE—Continued. 





* 
P Cc Wire (soft drawn 
Ngonser | niamster, | Arango | Purcopet Tice ethane) | wile ot ie 
PE Rae WAT Mi eens Sn fe : AGE Sn 8 Bor eR Se trae : 
e, quare 
W.G.. _ Inch. Centimetre. | Centimetre. pints we cee. Meteo ner ohn. Grms. per metre. | 

2 276 ‘701 *386 000444 2253 343 2 

3 *252 640 322 000532 1881 286°5 

4 232 "589 273 "000628 1592 242°5 

5 “212 538 228 “000751 1331 202°7 

6 192 488 187 "000916 1092 166°3 

7 176 447 °157 ‘00109 917°8 139°8 

8 "160 *406 "130 00132 7572 115°3 

9 144 366 105 "00163 614°9 Hate | 

10 "128 325 0829 "00206 484°6 738 

il 116 295 "0682 00251 398'°3 60°7 

12 104 264 0548 °00312 BDU 488 

13 "092 "234 "0429 00398 250°6 38°2 

14 080 *203 \ "0324 "00528 189'°5 289 

15 072 183 0263 00651 153°5 23°4 

16 064 163 0208 00824 121°3 18°5 

17 056 142 0159 0108 92:7 141 
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DivEensions OF Cross Section oF Rounp WIRE, WITH RESISTANCE, CONDUCTIVITY, AND 
WEIGHT OF PurRE CoppER WIRE—Continued. 





* ; 
cr £ : Pure Copper Wire (soft drawn 2 A 
‘ere squeak Andon” | alo Gunt. orb Fale | eee 
Trade wire ‘ 
uge, uare . se ; 
WG. Inch. Centimetre. Gavtiaetin Ghinee week Met pee Grms. per metre. | 
18 048 122 0117 0147 68:2 10°4 
19 040 1016 OO8LL 0211 47°4 719 
20 036 0914 00657 0260 88°4 5°84 
21 032 0813 00519 0330 30°3 4°62 
22 028 0711 00397 0431 23°2 3°54 
23 024 0610 00292 0587 17°05 2°60 
24 022 0559 00245 0698 14°32 218 
25 020 0508 00203 0845 11°84 1:80 
26 018 0457 00164 104 9°59 1°46 
27 0164 0117 00136 125 797 1°21 
28 0148 _ 03876 00111 154 6°48 0988 
29 013 "0345 “000937 "183 5°46 834 
30 "0124 "0315 ‘000779 *220 4°55 *693 
31 0116 0295 000682 251 3:98 607 
32 ‘0108 “0274 000591 290 3°45 *526 
33 0100 0254 000507 338 2:96 451 
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Dirensions oF Cross SEcTION oF Kounp WIRE, Witt ResIsTANCE, CONDUCTIVITY, AND 
WEIGHT OF PurE Coprpgr WIRE—Continued. 


ne 














a a : r ee ceoza | Pere Copper Wire (soft drawn) | ywoioht of wir 
a, ig Diameter. ssa Se at 15° Cent. or 59° Fah. Sp er. eo. 
Trade wire enced 
auge, qd si tivit i F 
WC. Inch. Centimetre. | Centimetre. ae ee aes a Poa e 8 Grms. per metre 
84 0092 0234 000429 398 2°51 382 
390 "0084 0213 000358 “478 2°09 318 
36 0076 0193 000293 585 171 260 : 
37 0068 0173 000234 730 1:37 “208 
38 "0060 0152 "000182 943 1:06 "10% 
39 "0052 0132 -000137 1248 “801 | "122 
40 0048 0122 oooul7,—s«|s(-466 682 ian; 
41 0044 0112 "0000982 1:742 574 0874 
42 0040 "0102 "0000811 2°109 474 0721 
43 0036 "00914 "0000656 2°611 383 "0584 
44 0032 00813 "0000519 3°300 303 0462 
45 "0028 00711 "0000397 4°310 232 0353 
46 "0024 "00610 "0000292 5°848 ‘171 0260 
47 0020 "00508 0000203 8°475 118 0180 
48 "0016 00406 “0000129 13°23 ‘076 ‘O115 
49 0012 00305 "0000073 23°42 043 0065 
50 0010 00254 “00000507 33°78 030 00451 
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TABLE SHOWING THE RELATIVE DIMENSIONS OF PURE CoPPER WIRE AT 60° F, 
By Walter T. Glover & Co., Manchester. 









Weight and Length. Length and Resistance. {Resistance & Weight. 


ee : 
ee 









e pp a . 
2S ane jaf oa 
ski do Ids 
Spx | 8S [gah 
=} a= a) 
o!| oF [ose 
AS eee BASS 


ee | Fe _ §—_———_ 










91°52 §1°640|546°76|2886-9/5528°1f-000171) ° : : 0001 
73°165}1 311)/437°10|2307-9|2660°74-000214 ° ; : 


58°573)1°050 349'93 1847°6|2130°0;-000268) ° 3918°56 


°817/272°43|1438°4/1658°3}-000344| ° ; . 2375°18 
40-867 °732)244°15}1289°1]1486°1):000384| “128 | “67 | °78 § °00052 | 1907°59 
33°989] *609}203°06/1072'1/1236 0;-000462/ *154 | ‘81 | ‘94 | °00076 | 1319°50 


28-701} °514/171-46] 905-3/1043°71-000547| “182 | -96 |1-11 | -00106 940°844 
24°523) °439|146'51| 7786] 891°8;-000640} -213 | 1:13 |1°30 § °00145 686°911 
20°88 | °374|124°74| 658-6) 759°3)-000752| *250 | 1°32 1°52 fF 00201 497 96 


16°417} -294| 98°08] 517°8| 597°0j-000956} °319 | 168 {1°94 § 00325 307°822 
13°794] °247) 82°41) 4351] 501°6}-001137] °379 | 2°00 |2°31 Ff °00460 217°343 
11°098} -199| 66°30} 35071) 403-6]-001414) 471 | 2°49 |2°87  § “00711 140°689 


6114°24 



















ODN AUP Od 









* S. W. G. means the new Board of Trade or British Standard Wire Gauge, put in force 
March, 1884. See Index for Dimensions, &e. 


+ TaBLE SHOWING THE RELATIVE DIMENSIONS OF PURE CoPPER WIRE AT 60° F. 
By Walier T. Glover & Co., Manchester. 


Diameter. Area, Weight and Length. Length and Resistance. Resistance & Weight. 
——$—— — ft ee 
On| o, w 3 = oa 5 uo] s | © (#8 ae 
doles Bo a4 BEok| go Sad Zed a: eo | @a | 2g le a se 
S |ES/8s|/S2S]s5| ss sah lagm] Be | eS | Fa | Bay ef £5. Aza 
sxe?) od ote O Su ri (or) are bond 
B [Ra]ae are og) oy ees Cok] Og [oe | og | oR] SE | Me 
: r¥ roy 





"134 |3°40 [0141| 9°098 | -163) 54°35) 287-0\330°8 [-001725| °575) 3°03) 3°50 | °01058 | 94543 § 10 


‘12 3°05 ['0113) 7°296 § -131) 43:59] 230°1|265°3 [-002151| °717) 3°78) 4:3 01645 | 60°804 ff 11 |) 
"109 |2°77 40093] 6-020 | -108| 35-96] 189°9;218°9 ]-002607| °869| 4°59) 5-29 | °02416 | 41392 f 12 / 
“095 |2°41 (0071) 4°573 9 °082| 27°32) 144°2/166°3 [-003431| 1°144, 6°04) 6°96 | 04187 | 23°884 § 13 | 


-083 '2°11 4:0054| 3°491 § -062) 20°85) 110°1}126°9 }-004495] 1-498) 7°91) 9°12 § °07186 | 13°916 § 14 
"072 11°83 }-0041| 2°486 f -047| 15°69] 82:8] 95°5 f-005974 1:991) 10°51)12°12 | °12679 | 7887 § 15 }- 
065 |1°65 (0033) 27141 | -038) 12°79) 67°5 77°8 007830] 2°443) 12°90/14°87 § “19104 | 5234 9 16 } 
‘N58 |1-47 50026 1:704 } -030| 10-18] 53°8| 62:0 [-009206] 3-069| 16°20|18°68 | -80135 | 3318 | 17 | 
“049 |1:24 {0019} 1-217 | -022| 7-27) 38:4] 44-2 [012898] 4:299) 22°70/26°17 | °59157 | 1690 § 18 | 
‘042 |1-:07 [-0014| °894 | 016) 5°34) 28°2) 32°5 §-017556) 5°852) 30°90/35°62 | 1°09596 912 4 19 
‘035 | ‘89 [0010] °621 | -011) 3:71) 19°6) 22°6 [-025281) 8-427) 44°49)51°29 | 2°:27254 440 § 20 


‘032 | ‘81 [0008] °519 | 009) 3°10) 16:4) 18°9 f-030243/10°081} 53°23/61°36 | 3°25229 307 fj 21 
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‘TABLE SHOWING THE RELATIVE DIMENSIONS OF PURE CoPpPpER WIRE AT 60° F. 
By Walter T. Glover & Co., Manchester. 


—_.-_ —_———_——-"" 


























Diameter. Length and Resistance. Resistance & Weight. 
ra , 3 A A 
it r Par no mn ne? n bar n ® 
g Z SEECESECES 23 | 25 
‘s A @ (ake lees 65 | os 
s is es ES a Se fi oh aah 
fa ray 
= 028 007| 2°37 | 12°5 | 14°4 [-039502)13°167| 69°52) 80°15] 5°54848 "180 } 22 
= 025 006} 1°89 | 10°0 | 11°5 ('049551/16°517| 87°21/100 54} 8°73038 114 23 
} 022 004! 1°46 78 8°9 §°063986/21°329/112°62|129°839 14°5579 "069 =| 24 
ae "020 004} 1°21 6°4 74 $:077424/25°E08/136°26)157°099 21°3142 "047 «J 25 
a 018 003} ‘98 5°2 6°0 [:095584/31°86 1]168°23/193°949 32°4863 "051 26 
= 016 002} ‘77 41 4-7 $°120974/40°325/212°91) 245-46 52-0367 019 27 
=) 014 002} °59 31 3°6 §°158007|52°669|278°09/320°604 88°7724 ‘O11 28 
s 013 001; ‘dl 27 3°1 §°183250)|61°083/322°52|371°814119°404 008 | 29 
5 “012 001} °43 2°3 2°6 #'215065/71°688/378°51/436°37)164°462 006 | 30 





Pure CoprER weighs 555 lbs. per cubic foot. The resistance of one mil-foot at 60° Fah. is, 
according to Dr. Matthiessen, 10°32311 ohms. Upon these data the above table has been 
calculated. ‘ 

me STRANDED WIREs.—A Stranded Conductor of a given length is of greater weight and has a less 
Gl resistance than an equal length of the same number of wires unstranded. 
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CONDUCTORS—AERIAL LINES. 


- ANALYSIS OF SAMPLES OF ANNEALED IRON WIRE. 
By W. H. Preece, F.R.S. 


No.1. Swedish Charcoal Iron, very softand pure. | No. 5. Best Puddled Iron. 
» 2 Swedish Charcoal Iron, good for P. O. » 6 Bessemer Steel, special soft quality, 0°15 


specification. 


carbon. 
» & Swedish Charcoal Iron, not suited for » %. Bessemer Steel, special hard quality, 0°45 


P. O. specification. 


carbon, 


» 4 Swedish Siemens-Martin Steel,010carbon.| ,, 8. Best Cast Steel. 





No. of Samples. 1 
Carbon, . ° : E 0°09 
Silicon, < s ° . trace 
Soqrmbnr, -. <<, 2s «|. trace 
Phosphorus, . . ° 0°012 
Manganese, e . ° 0°06 
Copper, . « : = . trace 
Iron, . : : |. oaG0 

Ibs. 


Ohm-mile at 60° Fah., . | 4,546 


0°10 
trace 
0°022 
0:045 
0°03 
trace 
99°70 


lbs. 


4,502 





re = | ee ee | ee ee | ee | ee ee | ee Se | rr | er eee 


0°15 0°10 0°10 015 0°44 0°62 
0018 | trace 0:09 0°018 0-02 0:06 
0°019 0:035 0 03 0.92 07126 0074 
0:058 0 034 0°218 0:077 0°103 0°051 
0°234 0324 0°234 0°72 1:296 1:584 
trace trace 0015 trace trace | trace 
99°44 99°60 99°11 98:74 98:20 97°41 
lbs lbs. lbs. Ibs. Ibs. lbs. 
4,820 5,308 5,974 6,163 7,468 8,033 





This Table shows in a very striking way that the electrical conductivity of iron wire increases 
with the percentage of pure.iron, except where the percentage of manganese is high; an increase 
in the percentage of manganese augments the electrical resistance considerably more than an 
increase in the percentage of sulphur or phosphorus. 
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MECHANICAL AND ELECTRICAL TESTS OF SEVEN DEscRIPTIONS OF IRON TELEGRAP!] WIRE. 
By W. H. Preece, M.I.C.E., F.RS. Four samples of each kind. 








Pat ie = 
Gis * Twists in : Breaking e reduced to 
Description. Diameter. 6 inches, | Elongation. WwW = aid i eek : 
lbs._per Mile.t 
Inches Per cent. Ibs. 
1145 , 16 172 1,470 14-4200 
‘ ” "1765 13 11 1,380 . 15°5592 
“BB” puddled iron, 165 14 154 1,436 13 8897 
- 17385 173 14 1,182 13°8983 
‘171 16 17 1,220 140582 
; “BB” piled iron, ait "1645 9 13 1,316 15°5820 
puddied, . 227)". "1645 12 113 1,238 15 6234 
1725 173 163 1,292 14 1640 
‘ Extra BB.” Box piled of 
puddled and English 
hence ae 168.3 ial. aE 143 1,456 15 6191 
E. C. 174 103 15 1,538 153715 
PP "| 1695 re 16 1'398 15°5452 
P Ks a P 172 12 142 1,452 153017 
Serena Mee ton Wet a ie 
‘RY RE Se et 





* E.C.= English charcoal. P= puddled iron. 
+ Standard size used in United Kingdom and abroad. 
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MECHANICAL AND ELECTRICAL TESTS OF SEVEN. DESCRIPTIONS OF IRON TELEGRAPH WirE—Continued, 


























Resistance een 
aes ; Mile reduced 
“DEAE . Twists in A Breaking 
: ss 3 G ena ; t 
sad ate Diameter, & iackes. Elongation Weight. P a a haey 
Ibs. per Mile.t 
Inches. Per cent. Ibs. 


“Extra special B B.”’ Four-) 
sided charcoal - piled 
English charcoal, acd 














puddled thus— 172 15 15 1,420 15°5129 
EO. 1] 1685 14 143 1,412 156844 
H 172 103 14 1,484 16:3574 
Bo! * le ‘172 15 16 1,478 155471 
ak Sa ass. 2 
LS 6 Sires J 
‘1715 20 16 1,634. 15°9988 
English Bes-emer (known 169 19 - 133 2,118 18 5663 | 
as homogeneous iron), . } 170 193 173 1,484 14°6922 
l 1687 12 14 4,548 19°1480 
( - Z _ 1,392 126808 
iz 1,380 129709 
peer Bessemer, el 1735 29 18 1,456 13-6587 
1715 13} 173 1,318 13 0222 
/ she = _ 1,191 11:3490 
1,358 11-3052 
en cee charcoal, a 1695 24% 13} 194 11-2241 
‘1715 a7 13 Ire COs eeaiene Rc) 
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Nominal Size: 


Cr 


p= 
bo 


ve) 
LS el oe 


a 
> or 


LINE WIRE FOR GOVERNMENT OF INDIA. 


TABLE OF WEIGHTS AND TESTS FOR STANDARD SIZES. 
(See Index for Specification.) 


Required. 


Inches. 


‘2547 
2325 
‘2205 
"2079 
1470 
1039 
0735 
0657 


Diameter. 

Allowed. 
Mini- Maxi- 
mum, mum, 

Inches, | Inches. 
251 258 
*229 236 
"217 223 
204 ‘210 
"144 150 
°102 ‘106 
072 075 
"065 067 





Weight per Mile. 





Allowed. 
Mini- Maxi- 
mum. mum. 

Lbs Lbs. 
886°5 915'5 
738°7 761°5 
665 685 
591 609 
294 306 
147 153 
73°5 7165 
58°8 61°2 








Weight of 10 Feet. 
5 Allowed. 
| 
o Mini- Maxi- 
fe mum. mum. 
Lbs. Lbs. Lbs. 
1704 1°682 1726 
1420 1399 1-441 
1278 1°260 1296 
1:136 1119 1153 
568 556 680 
*284 ‘278 ‘290 
142 139 *145 
113 112 114 
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TABLE OF WEIGHTS AND TESTS FOR STANDARD SizEsS—Continued. 


| TrEsTs FoR STRENGTH AND DvUcTILITY. Weight of each Coil. 


To bear |Twists.|| To bear |Twists || To bear |Twists.|| To bear |Twists.|| To bear |Twists Mini- Maxi- 
r * * < * mum. mum. 


























Lbs. Lbs. Lbs. Lbs. Lbs. 
2,775 14 2,850 138 2,925 12 3,000 11 3,076 10 
2312 | 15 || 2,375 | 14 || 2,437 | 13 |] 2,500 | 12 || 2,562 | 11 
2,081 16 2,137 15 2,193 14 2,250 13 2,306 12 
“1,850 17 1,900 16 1,950 15 2,000 14 2,050 13 
925 24 950 22 975 21 1,000 19 1,025 18 


462 7 475 16 487 15 500 14 512 13 
208 24 214 28 219 21 225 19 231 18 
167 26 171 25 176 23 180 22 185 20 








Note.—It will be seen that the following manufacturing margins are allowed, viz. :—-For wire 
weighing 600 lbs. per mile and upwards, 14 per cent. in size, and for wire of less than 600 Ibs., 
2 per cent. in size. The tests for tensile strength and ductility are strictly in proportion to the 
size of the wire, except in the two smaller sizes, where the tensile strength is reduced 10 per 
cent. on account of the disproportionate amount of zinc. 

In sizes above 15v lbs. per mile the vices will be six inches apart, but in those of 150 lbs. or less, 
they will be three inches apart, and the number of twists entered are calculated proportionately. 
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Die AND SPAN TABLE FOR AERIAL WIRES AT ALL TEMPERATURES AND IN ALL OOuUNTRIES.—Zyeuenfeld. 


1 Shite Msc Length of Wires and Dip at Temperatures above the lowest 


Temperature. probable Temperatures. — 


i 





Span |Length| Dip 10° C. above. | 20°C. above. | 30°C. above. | 40°C. above, | 50° C. above. 
in in in 
Feet.| Feet. | Feet. Length. Dip. |Length.| Dip. |Length.| Dip. |Length.| Dip. |Length.| Dip. 
200 | 200012] 0°94 | 200037} 1°67 | 200°059| 2°10 | 200°087| 2°55 | 200°112| 2°90 | 200°137| 3°20 
300 | 300°039} 2°10 | 300076} 2°92 | 300°114] 3°58 | 300°150| 4-11 | 200187} 458 | 800°224| 5°02 
400 | 400096} 38°75 | 400°149|] 4:73 | 400°198| 5:45 | 400°255| 6:18 | 400°308| 6°80 | 400°361|) 7°36 
500 | 500°181] 5°86 | 500°241| 6-72 | 500°303| 7°54 | 500361} 8:23 | 500-421) 888 | 500481) 9°49 
600 | 600317} 8-44 | 600°394| 9°41 | 600°4€8 | 10°27 | 600°548| 11°11 | 600°625 | 11°85 | 600702 | 12°57 
700 | 700°512| 11:49 | 700°596 | 12°51 | 700-672 | 13°28 | 700°764| 14:16 | 700848 | 14°92 | 700932 | 15°64 
800 | 800:750| 15°00 | 800'848| 15°95 | 800°947 | 16°86 | 801:044| 17°70 | 801°142| 18°51 | 801°240 | 19°50 
900 | 901-067} 18 98 | 901:178| 19°94 | 901-292] 20°84 | 901°340 | 21:27 | 901°511 | 22°58 | 901-622 | 23°40 
1000 |1001°460 | 23:43 |1001°583 | 24°36 |1001°746 | 25°59 |1001°829 | 26°19 {1001 952 | 27°06 |1002-075 | 27°90 
1100 {1101-949 | 28 36 {1102-086 | 29 33 |1102-221 | 30:27 |1102°360 | 31°20 |1102 497 | 32-09 |1102°634 | 32°96 
1200 |1202°531 | 83°75 |1202°678 | 34°72 |1202°796 | 35°47 |1202 972 | 36°57 |1203°119 | 37°46 |1203°266 | 38°21 
1300 |1303-216 39°61 {1513 380 | 40°59 |1303-521 | 41-43 |1303°708 | 42°52 |1303°872 | 43°45 |1304°036 | 44°36 
i 


s a | ef SS _ | — 


1400 |1404-020 | 45°94 |1404-193 | 46-92 |1404°365 | 47-87 |1404:539 | 48 82 |1404°712 | 49°74 |1404°885 | 50°64 
1500 |1504-945 | 52°73 |1505°135 | 53°82 |1505°320 | 54-70 |1505°515 | 55.69 |1505 705 | 56°65 |1505°895 | 57°58 
1600 {1606 000 | 60:00 |1606-197 | 60-98 |1666-395 | 61-94 |1606 591 | 62°89 |1606-788 | 63°82 |1606-985 | 6474 
1700 |1707-194 | 67-73 |1707-400 | 63°63 |1707-606 | 69°63 |1707°812 | 70°53 |1708 012 | 71-04 |1708°224 | 71°99 
1800 |1808:534 | 75°93 |1808-752 | 76°86 |1808-970 | 77°81 |1809-188 | 78°75 |1809 406 | 79°68 |1809°624 | 80°59 
1900 {1910-045 | 84°60 {1910-275 | 85°56 |1910°505 | 86°51 |1910°735 | 87°45 {1910-965 | 88°39 {1911-195 | $9°31 
2000 |2011°719 . 93°75 |2011-967 | 94-74 |2012°215 | 95°71 |2012-463 | 96°68 |2012°711 | 9764 |2012-959 ‘ade 
i 
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TABLE REFERRED TO IN FOREGOING SPECIFICATION—CONDUCTIVITY WIRE. 



















































































: é Maxi 
Nomioat |___Damelers | Welaht por Miley | Miniinom | as osmum | 222060 |conatant =| Minium | Maximam 
Siz, j Strain for | Number of Weizcht X = 
3. Ww.G. oY . rie of Standard each Piece} of each 
Stand- | Mini- | Maxi- | Stand- | Mini- | Maxi- | Standard | Twists. | weight at Resistance. or Coil. undle. 
ard. | mum. | mum. ard. mum. | mum, | Weight. 60 deg. F. 
Mils. Mils. M ls. Lbs. Lbs. Lbs. Lhs. In6inches.| Ohms. Lbs. Lbs. 
8 170 165 175 400 376 423 1069 20 12 4800 90 120 
11 120 116 124 200 186 712 6359 30 24 4800 90 112, 
In 3 inches. 
16 66 63 69 60 55 66 160 20 ae fae 20 112 
3/16 66 63 69 180 165 198 480 20 30 5400 112 140 
each. |each. | each each. 
STAY WIRE. 
i 
Minimum j 
: Diameters. Weight per Mile. +s ini Mini Maxi 
Nominal Se eee 
- 9. W.G. Standard Twists. |each Piece) of each 
Standard. | Minimum. | Maximum. | Standard. | Minimum. | Maximum. Weight. or Coil. Bundle. 
Mils. Mils. Mils. Lbs. Lbs. Lbs. Lbs. In 6 inches. Lbs. Lbs. 
8 170 165 175 400 376 423 1425 20 90 20 
11 120 116 124 200 186 212 713 25 50 112 
de Of any single wire. ny single wire. 
7/A1 120 116 124 1400" 1302 1484 4991 25 each 112 120 
In 3 inches. 
5/16 66 63 69 60 545) 66 - 1069 17 each. 112 140 
7/16 66 63 69 60 165 198 1496 17 each. 112 140 
7/14 81 78 84 90 84 95 2245 12 each. 112 140 





NotE.—The weight per mile is regarded as the only standard, and upon this the other calculations are based. 


--January, 1889. 
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TABLE FOR HARD-DRAWN CopPER WIRE (p. 254). - 
































DIAMETERS. WEIGHT PER MILE. Minimum ’ Resista 
Nonsinal | jo.°5 Gif 3 td ee ne Re en i es Foie ala nek ‘mile of 
Size, ! Strain for Twis ts | Of | Standard 
S.W.G. | gtand- | Mini- | Maxi- | Stand- | Mini- | Maxi- | Standard Sine, | Weight 
ard. mum. mum. ard. mum, mum. Weight. ; at 60° F. 
Mils. Mils. Mis. Lbs. Lbs. Lbs. Lbs. 4 
123 OF. 95 92 150 144 157 462 10 5°94 
14 79 78 80 100 97 102 308 16 8°92 
16 66 65 67 70 68 72 216 20, -; |) Saag 
18 50 49 51 40 38 42 123 [ 2-25 - 22:29 
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STANDARD TEMPERATURE FOR DIELECTRIC TESTs.—It is usual in specifications 
for good cable-core to specify that the conductor and dielectric shall have a 
certain resistance at 75° Fah., and all tests taken at other temperatures are 
reduced by tables to that temperature for comparison. It is also usual to specify 
that the core shall be kept for 24 hours at a constant temperature of 75° Fah. 
before being tested and passed for ‘sheathing ; but it is evident that tests taken 
at this temperature are not nearly so searching for small faults (owing to the 
absolute resistance being low) as they would be if taken at a lower temperature, 
say from 40° to 50°. Some well-known firms, therefore, make a point of taking 
final tests before passing core for sheathing, at as low a temperature as practicable. 
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GUTTAPERCHA, 


INSULATION RESISTANCE AND INDUCTIVE CAPACITY OF G.-P. COVERED WIRE AFTER ONE 
MINUTE OF ELECTRIFICATION AT 75° F'.—Fletchen. 








Inductive Inductive Inductive Inductive 
Res. per | Capacity D Res. per | Capacity D Res. per | Capacity D Res. per | Capacity 
Mile. per mile. = Mile. per Mile. — Mile. per Mile. | — Mile. per Mile, 
Megohms.} Micro- a @ | Megohms.} Micro- @ |Megohms.|} Micro- 
farads. farads, farads. 
2°74 436°3 *3310 3°22 467°2 3091 
2°76 439°0 3290 3°24 469°7 3074 
2°78 441°6 *3270 3°26 472-2 3058 
2:80 444-3 | -3250 1 3-28] 4746 | -3049 
2°82 446°9 3231 3°30 477°0 *3027 
2°84 449°5 3213 3°32 479°4 3012 
2°86 452°1 *3194 3°34 481°8 *2997 
2°8S 454°6 3176 3°36 484°2 2982 
2°90 457°2 *3158 3°38 486°6 *2967 
2°92 459°7 3141 3°40 489°0 *2953 
2°94 462°2 3124 3°42 491°3 2959 
2°96 464°7 3107 3°44 493°6 "2925 
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GUTTAPERCHA, 


274 


INSULATION RESISTANCE AND InpuctrvE Capacity oF G.-P. CovERED WIRE AFTER ONE 
MINUTE OF ELECTRIFICATION AT 75° F.—Fleicher— Continued. 












Inductive Inductive Inductive 


Inductive 

D Res. per | Capacity D Res. per | Capacity D Res. per | Capacity D Res. per. | Capacity 

an Mile. per Mile.} — Mile. per Mile. = Mile. per Mile, a Mile. per Mile. 
a Megohms,.| Micro- a Megohms.| Micro- d Megohms.| Micro- a Megohms.| Micro- 
farads. farads, faracs farads. 


ee | | ee |) | oe | = 





| 











3461 496-0 | -2912 | 3-72] 5249 | -2751 | 3981 5519 4-04 | 577-2 | 2502 
3:48 | 4983 | -2898 | 3-74] 597-0 9740 1 4:00] 553°9 4-26 | 579-1 | 2494 
3°50 | 5006 | -2885 13-76} 5292 | 2729 | 4021 5559 4231 5809 | -2486 
3:52} 5028 | 2872 1378| 5313 9718 | 4:04] 557-9 4:30 | 5828 | -2478 
3541 5051 | 2859 1 3:80| 533-4 9707 | 4:06 | 559°8 432 | 5846 | -2470 
3561 6073 | 2846 1382] 5355 2697 | 4:08 | 5618 434] 5865 | 2462 
3581 5096 | 2834 1 3:84| 5376 | -2686 | 4101] 5638 436] 5883 | “2454 
3:60! 6118 | 28291 | 3°86] 5397 | -2676 | 4:12! 565-7 4:38 | 5902 | -2447 
3°62 | 514-0 9809 | 3°88] 5417 2666 | 4:14] 567-6 4-40} 5920 | -2439 
3641 5162 | -2797 | 390] 5438 | 2656 | 4:16] 569°6 4-49 | 593-8 | -2489 
3°66 | 518-4 9785 1 3:92 | 545°8 9645 14181 5715 4-44] 5956 | 2494 
4-20 4-46 | 597-4 | -2417 
4-29 4-48 | 5992 | -2410 


qUSIOTNS & YAM “WZ aTQeO JOJ Sv stUVs oY} 9q 0} 
IOJeNSUT pur iOJONpUOD IY T,—'D PUA s10Y4s 
‘youy tod ‘sq] OMT‘G UL} sso] Jou 9q 04 
AY STOM [L704 oY} ‘st9AV] o}vUIOY[V Ul ‘sSuTyzVoo oyY 
woemgoq uivd ognf jo srohvy @ YIM ‘punodurod 
8, YIV[D JO SouIZVOd F DATO 07 o[CYM 9} ffoo1eyy 
"quae tod G.% UIYAIA 10 ‘SF.@ Oq OF BIIM TOVO JO 
JoyeuVIp oy ‘Moroq poytoods se Aq17enb Jo sort 
POSIUVATLS UWOIL OL YIM pos9aod aq 03 “W 9TqeO 
88 IV] SV PoAIOS ‘9100 OU. —' GV ure_ 
‘qouy 10d ‘sqT 0O9‘E ULy} SsoT 
q0U 90q 0} UWOIT JO YYSIOM D[OYM oy f TadMJoq 
uivA oynf jo saohel g@ pue punoduios s,yar{D 
JO ssuTtywooO € OATOOII 09 OTOYM o0Y4 £ Jool190T4 
“quad Jod @.% UIYAIA Jo SYOUL EFF. 9q 0% OITA 
Youve JO JoyourvIp oy} puv ‘Mojeq poyroeds Aqryenb 
oy} jo ‘SolIM UOAt posiuvates JP jo 4STsuod 
0} SULIAAOD JoInQ (‘) ‘eUTIq YIIM poyeinqes 
pur yom ‘ured oynl Jo SuIAJes quaTOyyNs pure poos 
V (@) ‘eaoqe se ology (‘B)—: sqaed SutMoT[oz 
OY} JO JSISUOD OF 9TQed SIUT—'°W 91GB weg 
‘youy Jod ‘sq] OE = punodutod s,104.109;eq9 
pue eyoiodeyqns Jo ssutzvoo G—‘vyo1adurn ry 
“gouy aod ‘sq] £03 
SUIYOIOM ‘PULIYS V OUT PIL] SOIT £—‘aAaddo,y 
—: 9100 9} JO SJYSIOM OZ Oq 09 BIB SUT 
-MOT[OF} OYJ, “eyorodeygns YIM poiseaoo ‘purszqs 
qoddoo sarIM £ JO 4SISUOD 03 9100 oY T— ‘a1oQ 
*‘SIODULOUG] SUIY[NSUOYD ‘NIMNAP ONINAAT AY ‘Jorg 
puve NOSWOH], WVITTIAA JIG ‘“volloury YyNOog 
‘AnyO pure ollouve op oly uwsoMyoq ‘uogp,reYyD 
‘SUMHLOUG SNAWAIG ‘Sasso Aq piety pur ope 
‘ATAVO VUINTIZVAG-ONILVIG UO NOILVOIIIOTAY 


‘SHTAVO ANIA VINES 


‘SHTAVO INIMVAGOS GL1Z 


qd pus a10ys Jo spuviys 04} Ut 
qdaoxe ‘a[q¥o ey} Jo eIIM Joyo Aue 10 ‘oures ayy 
JO pes zoyjo Aue jo yooy BE UIT out Aue Ut 
eprul oq [[Vys ppm on *AqTenb Aroyovlstyesun 
jo Aue 40 ‘ouryovm Sutsojo ayy ur Apyuenb 
-OTZ Yeoiq YyoryM syueq Aue yqoofer o9 samod 
OAC T[VYS ‘sJUVSIsse Iloy} JO ‘s1eeUISUS 94 
pure ‘saiqeo oy} ojut ynd oq qTeys Aqr~enb 914911q 
JO OTM ON ‘02 poroype oq 4YySIOm oSvI0Ae 
oy} poptacid “pamojpe oq [TIM 4YSIaW yov14U00 
Molog pue aAoqe “queo Jed G.g Jo ulsuvu 
‘OITM JO 
8480} 10} XOpuy 99g ‘s10J0"14U00 pu sio9uTsue 
oq} weemjoq uodn pasise aq Avur se ssouoyyq14q 
pue YySde14s 10g $4804. Yons 07 poqqturqns oq TTeyS 
pue “4seq 4seq Arvutpso oy} 03 ao1szedns Aq1yenb v 
Jo pue “pastuvales pofvouue isaq ts0q se UMOTY 
Aqryenb oy} Jo aq TTeys seqqvo oy qTLe Joy pord 
-dns OJTM WOJT OU ‘sI@iia2e A JO AZrpumagp al 
‘stadey o[qeqins YAM Yo poystuy oq 04 
STV oYVIpouIIo}UL YOR ‘sopoureip Tout OFS.0 
‘SOIIM § JO puvijs SE weyy ssoy you Jo ‘Avg 04 
81 JVYJ—'S}MO CLF UvY} Ssoy you aq 04 youy sod 
SOIIM O94}. JO FYSTOAM [e404 ay £ MoToq payroads 
Aqyenb ey} jo ‘owe solIM € JO spuvays oF 
YIM poyqeeys pue ‘aed ojnl poriey-[[am & YT 
peatos 1oyyINy ynq “punoduioo s.yary’) pue oqnl 
JO SOUIAIOS 104NO oY} JNOYIIM “WZ o[qe) Jo YsIsTIOD 
ITeYS 9[Qe+) puy e109 sty ]L—' a a1quQ s10qe 
“ACT OFeUIEITe UT ‘sSut 
“720d ay} UseMyoq uIeA o4nf Jo saoAv]T OMY TATAL 
‘punoduioo s,yae[O Jo 8dur}200 F eATODaI 03 o[OYA 
8} *'83M9 9G uvyy ssoy you oq 0} youy sod wom 
JO 4YSIOM [e404 04} ‘Mojoq poyioeds Aqrtenb oy 
JO “A9JOMIVIP YOUL SES.O ‘soc uoIt postuvayes 
SE YPM patoaoo “‘s[el1oyeur owes oy} Jo SuTAos 


“SaTDVO ANIUVWaaAS 913 


7 ‘qarof 10940q 0} OpBUt ‘pettqmI0d PUTA 
pus sed JO AOB pus einssoid poos B YIM pus ‘poze 
Aj[njouvd JT ‘Suizviq oy} 4Vy} PUNO] SvAA 4T ynq ‘uresB yoRq 
PUB O[DIIO-IUIOS B OJUL PUIG 0} SB OS PopTaA oq 40U p[NoD 
Aoy} ‘'a%—U01l OY} UOdN PVY SUISIUBA[VS OY} TOIYM UOT0B 
SUIYBIOLIOJOP OY} 0} SUIMO ‘ouOp ][9M Eq JOU p[Nnod Ao} 
.qnq ‘poploA e10M SOZIS JOTIO [YW ‘Woy} SUllopjos piley 
pus szurol og} Suryreos Aq pozBiq SAA OITA TOUI-EFT.O » 
Ayryenb 4soq ey} Jo aoddoo poyeouuy jo sorIM & 
JO PULIYS V JO 4SISUOD OF SXOIONPUOCD OTT, ‘TIT 
“SOITM OT} YXOU UO PIR] PUT [000 SUIEG SUI}BOO 4SIG 
eT) ‘punodui0d s,yIB[O JO 8SuT{voo eoIy} pus ‘sUOTIOOIIp 
eyisoddo ur Ajjeaids uo prey ‘soduy yuoysd s.sdyfiuq pus 
uosuyor JO OM} JO SUIAIOS J9jnO us A[ddv AT[e19ues Aued 
“MOD SdoUBUOIUIB}Y PUB UOONIjsUOD Ydeise[ey, CUT, 
*IZ[NSOL PUL [JOOWIS 9pIszno oy} pus ‘punod 
“W109 YJIM palsA0d oJeyMAIOAO 9g 0} ST WIA 
SUL, “JooiIp [[eys sasoursus s,Auedmoy oy} se 
‘sulddogs ArourypovUL ot} Jo seo Ur ‘2100 944 04 
Ainfut ysutese uoyez, oq 0} suornvooad jeroods 
yong ‘uomeordde sy a9qjze Ajoyerpeutmt uo 
pre] oq 09 uzeA oy pue “oy porjdde oq 03 punod 
-wi00 oY, ‘“‘punodwuoo ‘Ajyse~7 pue ‘ured onl 
ey} uoy} ‘punodmoo oy ‘uavA oynl Jo Sutasos 
Woy} ‘olLM OY} 3xoU (prIe]) sutoq punoduioo oy} 
jo Suyvoo ysay oy} ‘Ajozeuiqye prey ured oqnl 
Polite, JO SSUTAIOS @ YYIM pure ‘AyjoaTzoodser sqaed 
OF pur O9 Jo suoryiodoud oY} ut ‘vorTIs pue yoqrd 
[CLOULUL JO SOUTJVOO | YJIA “UO PIL] Ole SOATAA O[} 


Joye “paleA0d oq 03 ale Q ‘g SH Se[qeo ‘IT 














** 396-0 9 “* 882-0] 682 
: 026-0 G ** 082-0 08% 
** 021-0 OL ** OST-0 ois 
"Your ZLG.0 - €I » UL EFL-O| ZIT 
. ad e Py 
“"Burpwedua | ur siseaiy Oa AA epung 





pus Suipueg Jo ‘ON 5 TOHOUTBIC | yo gusteM 





‘SHIT VO FTNINVWAOS LLG 


B10 [Te puv “oinqovynuvur JoyyINy Toy PeI9ATjop 
"or Oq T[eYys siseutsue sAuedmog oy} £q jo 
peaosdde sjtoo [Tw ‘4yStom peytoeds ay} Jo yey 
[enbe qsvoy ye ysnur afqvo O[OYM 94} Loz a100 944 
JO (4STOM UeeUT 04} 4nqG ‘pomor[e aq TTeYS yy Stem 
peytoeds 04} 1940 “4ua0 sod @.9; jo ulsieu 
‘sdoouIoue 8, Auedu0y ay} 04 WATS oq [BYES [109 Jo 
YASUe] OY], ‘epeur ore 94904 94} 910Joq Sinoy Fz; 
FSBO] 9e TOF “TRA C4 Jo sinqesodure, @ Jo ‘roqeM 
Ut PeSOUlUUt oq T[VYS FI— op | Wey} ssaq you Jo 
Sq}SUs] UT Pesoarpep oq [[eYs eaog PCL “ITA 
‘SUNG UJIM PawanjEs pur jo 
pordde ured Jo 4stsu00 T[eys Surasag OLE ‘ITA 
“1O7VVM UI posioutut 4ydoy pue opeu 
mood oavy SzuTol 049 Joye samoy g “4904 A£1040°eJ 
“sizes ATYSno104} & 10z ouTy MOT[® [[PYS s10}0K.14 
“HOO CULL “TAO oy} Jo qsor oy} wOAz ATayearedos 
qutol yoo ssed pure 4804 TTA oy ‘sa0qoodsur 
sAuvdu0g ay} JO auo Jo souosoad 9Y4 ut ydeoxe 
‘Opeul oq 0} ‘soomeysumoato Aue Jopun ‘st syrom 
e1qeo out 98 Gutof ou pue ‘ueuTyI0M pootetsodxo 
Aq opeut oq 09 a1e a100 ol} UL SIMFOg OUT, “A 
“peisafea aq 04 ST a[qeo ayy “4ruIT] peytoeds oaoqe 
YF MOToq [[eF “orngoejnueur oy} Jo potsed Aur qe 
“UR T G4 2 eyorsdeyqns 049 Jo worjszod Ate Jo sour 
“S1801 OY} JT “WOTVOHTIQI[0 SoynuIUT B Joye pur 
omjounUeMT Joye skep HE ‘suyosom OOK ueyy 
“U®T C4 48 poqsey uoyar ‘sso] oq JOU [[VYs 9100 
Byotodey4ns Jo oouvysise1 uOMUlnSUy o“L “AT 
"yuoo aad ¢.% Aq eaoqe uoals srequmnu 
BY SUIPse0xe soURYSISOI v OACY 0} 10JONpUOD 
Jo jouy o[SuIs ON ‘yRq lez 4¢ SUIYO OF.20 
UBYF OLOUL JOU oq 0} “gouy Jed ‘sq, £OK SuIySIOM 
‘pursqys 944 JO soueysIser uvout erL ‘punod 
“W109 SUIARTNSUL YYIA peTy AjaqoTdutoo oq 09 
Pueszs OY} UI S9d148104UI OY], ‘anqgovynueur pue 


‘SHT@VO ANIUVINGAS 81z 


‘Ajsnormnfut 0100 s.1addoyfy 10 Loqqni-erput 
yor}ze jou op seopeley, ‘Apouror qoajsod ev oq 
0} Se[qvo soruedmo0y UROLIFW YANO pue u194seny 
pue UOIsueyxy Usojseq ogy ut ATjeoryovad poaoad 
W99q SYYSIY,T, ‘OUIYVOYS UOAT 9} pur suidey sseiq 
oY} UseM4oq UOT} OIUvATeD SyuaAoId SuIzvOd odvy 
qSt[ OUT, ‘euliveys ut podooys odeq seauvo ‘pus 
‘(curdey sseiq 10) Teyow zyuNT ‘puz {ede}, seauvo 
OFIYM SUOIS JO SUIAIOS @ “S[T—TJIA 9100 11044 
jo veyosodeyyns oy} ‘otqestape yyonoyy o107[M 
‘xeA00 Auvdmoy souvusyurep, pure woronaysu0g 
ydeasoay, oy} ‘sie10q oulivur 1030 10 seopere4 
Aq posemep pur poosoid Sututoseq soyqvo outreUL 
-Qns JO 0100 94}. JuoAoid 09 Jop.10 UT —‘seopea9 yy, 

‘om “om Sposioaiqns pryun ‘drys paeoq 
uo pue Ar10joRy OY} UI YI0q ‘ajqissod se avy sv 
1ojVA\ Lopun ydoy pur ‘1euueW [eusn 9} UI sour 
OOn AroAd 4v poyiemm oq 04 SI 9[qGQvo poyotduio0d 
oY} pue ‘poinjorjnueur o[qvo Jo JUNO JoRXO 94 
SUIMOYS ‘SATITPOVUL SUISO[O 9T[} 07 poyorgye oq 04 
G18 SIOJVOIPUL 4JOOIIOD ‘“19AO pojood oq 0} 918 
SyUvy oy, ‘savoutoue oy} Aq poatnboa se aeaggo 
os ‘ysoay Aq poovdoar pue syue} oy} WoIy UMeIp 
“YIM Oq 04 109eM TY S1ozVM JopuNn syuey ut ydoy 
8q 0} 9100 paAIOS oY }—sSoTIOJOVZ SuIyQVoYs oy 
O} SUIZL[NSUI OY} WoT FISuUvIy OY} SULAINp s.190A00 
uom Aq poqooqoad Ay[njorvo oq 0% suinIp 943 
‘unseq si SutAl0s [Wun 4ydoy A][ujorvo oq [[eYs 
pur ‘suinip UO peTloo oq ][VYys 9109 OUT, “TTLA 
‘Po}AOSUL SI 9.100 Jo YASUI] YOR YOry Ad OFUT 9[qQvVa 
ey} Jo uoTy.10d puv worqzisod oy9 Joyuestusoo ydoy oq 
[[Vys Ss190UTSUS 9Y} pu ‘petoysisei pue ‘peTjeqry 
‘pelequintu eq ][eys s[loo [Ty ‘oangovjnueu 
ey} JO oso[d oY} [tj uUoTZOodsuUI A0Z SyIOM 9Y4 
ge poulvzol oq [[eys siooutscue 0443 Aq poqoofoa 


‘SHTAVO HANIUVINGAS 6L3 


‘4090 tod ¢.¢9 ‘aotsiowqns 19152 03 O.1N4OVe] 
“NUGUL JO OUT} WO1J 9OULISISOL OI14O9[OIp UI quetueAoIdmy 4 

"UONMIpe TIXIS ‘epg 0} [HE ‘dd ,,‘sarquy, pues 
8O[NYY,, 8, OULYUBY O98 ‘9[qGBo SIU JO Uox'v} S480} JO S[TR}Op IOV x 








4“ "FBT oL Sb 
1066 ‘duo uvowm 
MOIS.LOUIQus1a}y 7 ‘oynUTUL 
opp | “Ua oLL “dure, IT “Woymoye aT 
UBOUL YB Po}soy ofL 0} poonpod 4 
‘no [VANIB UG | youy aod sour 
198 ds “UB o1¢ dure} “JSISO1l OLIOOTOIG 


UBOUL 4B Po9qso} 
‘yueuldiys Joy 


; ‘OINUIUE 4ST ‘oInNjOVJNAVUL IS. TO 
4968 | SSO iene of 18 JOUY Jod OOULYSISAL OLIYD9T9IG “TI 
“ 4 : sia ! [Id ‘T 
SIé +09 spy] ° Pere ‘AyIOVdvd 919%}S-O1}OOT ‘OT 
6 66 mh 
om| | | aROE] gone BE 
Z089 66 6s 6 TI¢ ,Ouy un 5 
rlop| \ | pearesgo “ gap ( Md 38] te 
sg]  |peyefnoyso'uret ysT 28 | asrsor ony bg 
IL? 6 "08 5 zh oo|eI. 
06-6 66 66 66 WOT ‘a 5 : 
8¢-8 WS PTRMIOL 2H 
OFZ rf poaresqo “ 4sT os 
ZL SSO poye[No[wo'UTUT 4ST aa 


: 4 aay eee ‘C) WOY 
oL-GP clea eee e1qeo Jo ginuaded 


| Wie} UveTT ‘g 
$F9-F ce fs. SOP squaaeg) © 
F688 * “pexoell0d “og ¢‘suIAvy 10938 ‘oq ‘2 
60ss| “ *  “poatosqo Bon) dae) F 
: Me tS) “CROROGB) FOUN ae 
966-4 suryo or 092 18 Poqso} oouvystsor toddoo weary ° 
coat) °° ‘Geel: -°* * ‘gout exenbs 


09FE| ‘Sq * ‘UInUIxeyy f§ tod wi0}0q 38 eINsSselg ‘¢ 
SSP oH * ‘@Qnoqe) uve 


‘5 ° *  ‘Tox7e} ‘Toy Jo yidoq *p 
9600 | ‘SULT Se ieee WINULIXB TY 
OGY | iia 


: * ‘YOBl[s JO esvyusd10g ° 
FG-C6LT 


ieee 2 , *1OYVM IOAO OOUBISICT °Z 
* ‘og 
006T | 8,003] sie nat tied ay 014 Jo WSu0T +1 
te ln hi 
“ophny, pun ‘apwog ‘y.tv19 ig—sisqy, SXVQ OF DNINAa 
ATAVO 4O NOMIGNOD IVHANAH ONIAOHS ‘WO LOVULSAY 


(‘GIV] ATINHOIY) ,SHIEVO ANIUVWANY 


‘SaTaVO ANIYVINGAS © 083 


SUBMARINE CABLES, 


281 


ese Sree = 





Wh 
Cabie. laid, 
Direct United States, 1875 
American Telegraph and Cable Co., 1881 
Do. do. do.. 1882 
Aug. 


Djeddah to Suakin (Red Sea). 


Tests oF ATLANTIC CABLES, &C.,* 


Made and Laid by Messrs. Siemens Brothers & Co. 


Temp. of Cable, 66° Fah., 


Mean) | 4099 
Rt ee 


Total length, 
knots. 


2422°56 
2517°76 
2562°70 


187°66 


* From Rankine’s ‘‘ Rules and Tables.” 





Copper Resistance in 


Siemens’ Units. 





a 
Per actory Te 
we | mote | Peeaeaos 
7312 3°018 ahi 
8014 3'184 3°466 { 
8264 3°225 3°509 | 
Ohms. | Ohms. Ohms. | 
2115 LE 27 11°49 | 
t 
Sixth Edition. 
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TESTS oF ATLANTIC CABLES, &¢.—Continued. 










Electro-static Capacity Insulation Resistance, 
in Microfarads. in Million Siemens’ Units. 









Tests taken by, and Date, 










Mean from wo eo nee 
ac 
Total. Per ead 3 Total, |Per knot,/ per Ear at 
Knot, | Per Xnotat | ist min. | Ist min.| “750 Fah. 












Fife Jamieson, 9/2/76. 
Frank Jacob, 1/7/82. 
Do., do. 












987°6 | -4077 Fe 2:96 | 5,475 
887 “352 3720 785 | 19,770 510 
925 ‘361 ‘3657 74 | 18970 508 






Per Knot in Megohms. 











Ist min. ae Ist min. 
56°18 "2994 2984 9,382 | 18,760 | 2140 Frank Jacob, 21/10/82. 


ELECTRICAL DATA OF SUBMARINE CABLEs.* 


Manufactured and laid by The Telegraph Construction and Maintenance Company, Limited. 






Electrical Values at 24° Cent. 















F in B.A, Units. 
Hid 7 
ad | Conductor. Dielectric (G.P.) 
Cable. Date ae 
wn (For Mechanical data, see pp. 287, 288.) ‘ = et by “7 cay 3 
e = Ae ope. | gee | Zaeg 
E 2 | g22 | S252 | 222 | fe25 
- a 2,3 © a BO Bane 
o oo ° ne & A Sa ofa 
ee ae mad 2° Pe 
2 Ce te 
= 
as : z 
E Placentia and St. Pierre, . . 1872 110 11°930 93°4 8378 | 303 
= St. Pierre and Sydney, ” : 9 182 
(=a) Constantinople,. . . : 9) “7 cee ees : 
=) England and Spain, . ° 1873 619 10°528 94°4 321 296 
‘ Vigo and Lisbon os oa tee 247 
| : é 76 3°167 94'1 254 353 
Treland and Newfoundland, . o 1876 . 
Placentia and Sydney, . . ’ aig i 12-070 99°3 451 317 
Sydney and Placentia, . . ” j ee nee jen =e 
Neuwerk and Heligoland, ; < 31 3° see be = 
Lisbonand Madeira,. . . - 613 10°567 94°0 296 a 
Alexandria and Crete, . | = 359 11°780 94 6 835 5) 





oy * From “ Rankine’s Rules and Tables,” sixth edition. ¢ 
cS t For cables prior to 1872, see ‘‘ Electrical Tables,” Clark and Sabine. 
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B.A. Units. 
: 
“ Conductor. Dielectric (G.P.) 
Cable. a} 
(or Mechanical data, see. pp. 289-291.) | Date | 3 23 rt 
‘tea 34s LL] O45 a by 
2 | ged | SEBS) 328 | Pega 
3 eae | e827 | 228 | £858 
3e° ns & il oad Ssag 
r BB a A 
Crete and Zante, «. } -*ogs 1873 238 11668 95°5 258 "309 
Zante and Otranto, . =. - 1874 sit 11°553 96°4 256 *305 
Italy and Sicily, - F ts — <a ae tis 
Jamaica and Porto Rico, . : 5 647 2 : - 
Martinique and Dominica, . is 37 11°535 967 274 306 
Madeira aa St. Vincent,. . i I ie 2 ae ee a ah 
Kilia and Odessa, : 3 2 f 
St. Vincent and Pernambuco, P L 1844 4836 96°7 312 302 
preeens and N exenmndisnd, F i. 1837 3°135 95:1 282 332 
Holland : < ee ba ose 
.| Italy and Sardinia, « , yeslQd-S 1875 118 12-024 92°7 373 "296 
‘| Yankalilla and Kingscote, ; a 38 11°641 95°8 228 300 
Australia and New Zealand, . 1876 1282 11.708 95°2 273 “300 
Cook’s Straits, N.Z., . > Z eh” 45 11851 94:0 417 307 
Suez and Aden, . . F 4 be 1443 10 180 97°6 333 “301 
Aden and Bombay, . : ‘ 1877 1888 6800 97°4 S44 314 
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Electrical Values at 24° Cent. | 
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ee Sone ER ee, 


Cabl 


e. 
(For Mechanical data, see pp. 291, 293.) 


Penangand Rangoon, . 
Marseilles and Bona, 
Bona and Malta, ~ . A 
Para and Maranham, : 
Torpedo Cables, ‘ 
Alexandria andCyprus_ . 
Penang and Malacca, 
Natal and Delagoa Bay, 


Delagoa and Mozambique, 


Malacca and Singapore, 


Germany and Norway, 
3 Conductors, ‘ - 


Mozambique and Zanzibar, 
Singapore and Java, . 
Aden and Zanzibar, . j 





ELgcrrican Data or SUBMARINE CABLES—Continued, th 


Electrical Values at 24° Cent. 


















: in B.A. Units. 
2 : . . 
a Conductor. | Dielectric (G.P.) 
od 
Date, a eat a 
oO . 2 8 
= =a ae Bras I 
; #iq | g3ce| 2 
x ae S ee | a 
CH eas Ps 
& 3 A le 
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ELECTRICAL DATA OF SUBMARINE CABLES.—Continued. 


Electrical Values at 24° Cent. 


. in B.A. Units. 
2 SWRA ESTERASE 2 te 5 EE ills oe, 
° ) 
is Conductor, ‘Dielectric (G.P.) 
Cable. Z 
(For Mechanical data, see pp. 294, 295 ) aaa 3 bs, sa . Pe a 
cf a gba. see | BBS 
a $8 Bess 1 £44 | 2y8e 
# gee) | sel | Bef | See8 
am 8 memes aS i. 
Java and Australia, . 5 A 1880 © 1131 11°644 95°7 345 ‘282 
Wanganui and Wakapuaka, . ” 108 11°378 97°9 409 281 
Hong Kongand Luzon, .. es 528 11°453 97°3 456 280 
: ‘ 1,11°442 97°4 517 282 
Placentia and St. Pierre, 109 2, 11-414 97-6 494 989 
3 Conductors, 4 . = e 4 3.11°446 97°4 502 282 
Ireland and Newfoundlan : -- 1423 4161 95°5 478 315 
Englandand Norway, . . ” 423 6°864 965 500 303 
Norway and Sweden, sie a 94 6°733 98°4 440 “303 
St. Pi at Sea 1,11°414 97°6 651 282 
a apo 3 185 2,11°387 97°9 600 282 
onauctors, . ° . . 3,11°422 97°6 613 “282 
Singapore and Batavia, .  . 1881 537 11°297 98°7 709 “316 
Trieste and Corfu, . i : 2 550 9°155 100°0 658 "352 
Valentia and Greitseil, . : 1882 841 9-098 100°0 567 354 


a rere 
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MECHANICAL DATA oF SUBMARINE CABLES.* 
MANUFACTURED AND LAID BY THE TELEGRAPH CONSTRUCTION AND MAINTENANCE Co., LmITED.t 
For Electrical Data, see pp. 283-286. 














BE KS Weight per Knot. | 
Cables. Dates |e Lit i aso. Remarks. 
Insu ; P 
Knots. ook te, Iron. | Jute. Asia Compe 
: lbs. | lbs. | Tons. | Tons. | Tons Tons. 
Placentia and 1872 110 ; 107 | 140 2°344 153 cas 2607 | Main. 
St. Pierre, % . ‘ 9 845 519 | 1145 | 11619 | Shoreends. 
St. Pierre and 189 S| » “ 2°344 153 te% 2°607. | Main. 
Sydney, 2: | eo ae & 9845 +519 | 1145 | 11-619 | Shoreends. 
Constantinople, | _,, 5 % im 1:193 ‘107 393 1-803 
120 | 175 | -9°845 519 | 1505 | 12000 | Shore. 
. Pa fe 5°369 “350 ‘750 6600 | Intermed. 
England and {| 4973 | 619 bl Be 2687 | 093 | 475 | 3:382 a 
Spain,. . . a ye 1906 | 187 419 2-630 sf 
eo #: 645 095 "826 1697 | Main. 
: 120 | 175 | 9°845 +519 | 1:505 | 12000 | Shore, 
Vigo and Lisbon,| _,, 247 Ms * 2°687 093 “475 3°382 | Main. 
z * 5°369 350 750 6600. | Intermed. 


* From Rankine’s *‘ Rules and Tables,” sixth edition. 
+ For Cables prior to 1872, see “ Electrical Tables,” Clark and Sabine, pp. 256-259. 
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MECHANICAL DATA OF SUBMARINE CABLES— Continued. 





' 
L 3 - 
a Weight per Knot. 
Cables. Date. Remarks. 
Insu- 
Knots, | ©? | antor |. Tron’ Jute. | Asphalt, | complete. 
per. | gp &e. 


——— | 








Ibs. | Ibs. Tons. | Tons. | Tons. | ‘ons. 

400 | 400 | 17-460 1-684 <n 19°50 Shore. 

* 9641 641 1:989 12°628 Intermed. 
3350 | 164 | -498 | 4-369 


Ireland. and 
Newfound- ' 1873 | 1876 


99 


‘ 636 | “137 | 940 | 1845 | Main” 
107 | 140 9°845 519 1145 11°619 | Shore. 
s 5917 "325 691 7043 | Intermed. 


reto,. . ol 1038 075 "337 156 =| Main. 


land, | si 4 2-419 090 | “388 | 3-454 * 
3 nt 662 47 1-080 12286 Main. 

107 | 140 | 17-460 | 1-684 a 54 | Shore. 
eet |. | ee i » | » | 9641 | “641 | 1989 | 12381 | Intermed, 
a eS peal «|| AeLeese 164 | 498 122 Main. 

ts » | 17-460 | 1-684 Se 9:°254 | Shore 
Ne ~ 280 } * » | 90641 641 | 1:989 | 12°081 | Intermed 
: i 3°350 164 ‘498 | 4:199 ain 
Neuwerk and ) 31 J| 107 | 140 9°514 666 | 1°371 | 11661 | Shore 
He.igoland, 5 | lites Sa 5-917 325 | ‘691 | 7:043 | Main. 
12) | 175 | 9-450 ‘750 | 1387 | 11668 | Shore. 
Lisbon and 613 | * | ce 2°687 "094 ‘470 3°382 | Intermed. 
Madeira, . . vi rs 1-900 187 "412 2°630 
C 


Alexandria and) | 359 


—_——. 


A nec | a (wae (a nr 
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MECHANICAL DATA OF SUBMARINE CABLES—Continued. 








Weight per Knot. 


Cables. Insu- Remarks, 

















Cop- | jator, Asphalt, | Complete. 
G. &c. 
Ibs. | Ibs. Tons. | Tons. 
107 | 140 1:504 | 11978 | Shore. 
Crete and Zante, 288 13 | (cae eo 2 oa ere 
| a¥o 348 1378 Main. 
107 4 1°504 ; Shore. 
ae an is7 J pea 750 | 6579 | Intermed. 
RANG; ie ee x 348 1578 | Main. 
Italy and Sicily, 5 107 . 1:262 artes eS 
; 107 | 1 1-262 ore. 
J pee eee 647 ) s - ‘406 3°830 | Intermed. 
ee ee iii. af 297 1647 | Main. 
rire 1u7 | 140 1-262 11°472 | Shore. 
ee and 37 eee ‘406 | 3°830 | Intermed. 
CRC 5 E 297 1647 | Main. 
120 | 175 1:337 | 11668 | Shore. 
Madeira and 1196 a - "470 3°382 | Intermed. 
St. Vincent, * = oe hig ‘ait 
ig A "845 ain. 
107 | 140 1-051 6886 | Shore. 
KiliaandOdessa,| __,, 349 - = 793 3°903 | Intermed. 
rape F 337 1540 ‘' Main. 
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MECHANICAL DATA OF SUBMARINE CABLES—Continued. 


Insu- 


Cop- |; 
per. aon Iron. 


Ibs. | Ibs. Tons. 
255 340 9°450. 


and Pernam- 
buco, 


Ireland and ' 


St. Vincent 


Newfound- 
land, .. 
Holland,. . 


Italy and Sar- 


Ginia,.. . 
Yankalilla and 
Kingscote, 


Australia and 
New Zea- 
land...) 


Cook’s “gies: 


ofteg © ° e. 


Shore. 
Intermed. 


99 
Main. 
Shore. 
Intermed. 
Main. 


Main. 
Shore. 
Intermed. 
Main. 
Shore. 
Intermed. 


99 
Main. 
3 cores. 
Shore. 
Main. 
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MECHANICAL DATA OF SUBMARINE CABLES— Continued. 








Length s 
Laid. Weight per Knot. 
Cables. Date. Remarks. 
Insu- 
Knots. | C°P- | lator,| Iron. Jute. | Asphalt, | complete. 
Pree 1G. P. &e. 





ecg | SS ee | eee | eee | ee ee | ee | eee 





120 | 175 | 9951 | -838 | 1-236 | 12156 | Shore. 
Suez and Aden, | 1876 | 1443 2848 | -101 | -435 | 3515 | Intermed. 


Aden and 1) 1977 | 1888 


Bombay, . f : i 2°827 111 576 | 3'702 
99 ” 

Penang and : : 
» | 853 by GRE 2350 | +125 | -484 | 3569 | Intermed. 

Rangoon,. . : Ks 1-060 093 291 pee = 

; 107 140 9°800 *650 1°120 16 hore. 
ahr ee er » | 468 ” ” 2900 | ‘244 | “440 | 3692 | Intermed. 

ona, . : 3 1:062 144 297 1613 | Main. 


107 | 140 | 9:800 | °650 | 1120 | 11°680 | Shore. 
53387 | -550 | °475 | 6°472 | Intermed. 
2-900 | 244 | 440 | 3-692 ir 
1:062 | -144 | 297 | 1613 | Main. 


Bona and Malta, Pe 382 
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MECHANICAL DATA oF SUBMARINE CABLES—Continued. 





Length : 
Cates oe I: os 7 
r : aioe Remarks. 
— i poe Iron. Jute. Sepet’ Complete. 


a ee 6 i 





107 | 140 | 8-412 ‘587 635 | 9741 | Shore. 
Para and rt 309 % a 4-075 287 “400 4872 Intermed. 
anham, . & * 2:900 125 “237 3372 | Main. 
98 | 116 ‘718 | 064 | -447 | 1:394 
Torpedo Cables, 289 9 9 1117 "150 "682 2°340 | 4 cores. 
\: 4 "856 056 | -285 | 1-299 
saith 107 | 140 | 9-800 | -650 | 1°120 | 11-680 | Shore. 
Alexandriaand) 327 + 2°900 "244 “440 3°692 | Intermed. 
Cyprus, . .) ‘ 1062 | ‘144 | -297 1613 | Main. 
Penang and 974. J] 107 | 140 | 10:350 675 | 1:026 | 12161 | Shore. 
Malacca, . . at ik, a! 9:303 | -225 | ‘554 | 3692 | Main 
107 | 140 | 13 647 ‘515 dee 15-652 Shore. 
i. » | 10350 | 675 02 2: 
Natal and De-) 344 : y 5-230 400 | -781 | 6521 | Intermed. 
lagoa, . . .j ~ 1 © | esos | -295 | +554 | 3-692 | Main 
I s 850 050 | -362 1:372 4 
107 | 140 | 10-350 | -675 | 1:026 | 12:16L | Shore. 
i. + 5°230 “400 ‘781 6521 | Intermed. 
Delagoa and 966 4| » si 2°803 225 557 3692 3 
Mozambique, se -. 862 075 | °337 | 1:387 | Main. 
t zs 850 050 | 362 | 1:372 4 
| xs = 625 |! 187 | 517 ' 1-449 = 
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MECHANICAL DATA OF SUBMARINE CABLES—Continued. 





Length . 
raid. Weight per Knot. | 
Cables. Date. Remarks. 
Knots. | CP aie Iron. Jute. | Asphalt, | complete 
per. ; : &c. . 





Malacca and 1379 | 16 107 | 140 | 10°350 675 | 1026 | 12161 | Shore. 
Singapore, be “fl 2 eT es 504 3 oe — 
100 | 125 | 165 87 | 1:225 | 18536 | Shore. 
Germany and) 1 ot 3) iis | 188 | 60°) - a0: | 
Ms S69 9 3 2°375 150 -406 3-162 
(| 107 | 140 10 330 675 1.026 12161 Shore. ; | 
: | ag os : “400 “781 9) ntermed. 
a ean Eanuitae, . | eral > | 2 | 2803 | -295 | -554 | 3-692 mi 
Di 1 ae . 850 | ‘050 | ‘362 | 1372 | Main. 
‘al ea s 625 187 517 | 1-442 a 
(| 107 | 140 | 10-350 675 | 1:026 | 12161 | Shore. } 
Singapore and 919 2| » a 5°230 400 ‘781 6°521 | Intermed. 
ava, . ds i - 2°803 225 "504 3°692 | Main. 
as . 1772 | ‘115 | -500 | 2-497 a 
(| 250 | 250 10°350 "675 1026 12-274 Shore. f 
: yi age = 2 5°2 400 x) 65 nterme 
Agen and Zee » |198 7} % | ” | 3860 | 145 | “616 | 4-344 ee 
eee ee .; 625 | +187 ‘B17 1442 | Main. 
ih . 1112 | -200 | -367 | 1°902 = 
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— Weight per Knot. 
Date. ; Tnsu- Remarks. 
Knots. | ©C°P- | jator,| Iron. Jute. | Asphalt, | complete. 
per. G. P. &c. : 
Ibs. Pe a eo Tons. | Tons. 
07 | 140 | 10°35 ‘675 | 1-026 | 12161 | Shore. 
get es 1880 | 1131 2| ., | ,, | 2803 | -295 | -554 | 3692 | Intermed. 
sii . be "850 “050 “362 1:372 | Main. 
Wanganui and 108 107 | 140 | 11°402 518 es 12°030 | Shore. \ 
Wakapuaka, ” va 2°847 "145 616 3718 | Main. 
107 | 140 | 10-350 615 1-026 12161 Shore. RE | 
"4 5-230 | -40 ‘781 | 652L | Interm 
oe gone x " | ? 1 9803 | -295 | -554 | 3-692 i 
<periialm tbcT is “880 070 | -45L | 1:511 | Main. 
if 3 pa ‘2 | -518 | 1:550 cs 
5 107 | 140 | 34-770 | -625 pe 15725 | 3 cores. 
sip rs poy ‘ il gs- 127100.) 2600)" “850 | °9-480,.4/ 0, 
eiginiat: i 3 4°650 200 ‘515 5°755 os 
Treland and 4 : 
300 | 300 g60 | “115 | -725 | 1:967 | Main. 
se ce if Beet os fon | 1 ecteee hia |) 705 |) T8078 |, | 
; 180 | 200 | 11:585 | -260 | 1-045 | 13-100 Shore. iL 
: 7-780 | -405 | 1-000 | 9355 | Intermed. 
ae and " | " | 3450 | -995 | -ee2 | 4507 : 
si a 4 2°400 137 ‘570 3277 | Main. 
14100 | -260 | 1-085 : 
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MECHANICAL DATA OF SUBMARINE CABLES—Continued. 


| La:d Weight per Knot. 
i aa | 
Cables. Date. | Remarks. 
Insu- 
Knots. | ©°P- | jator,| Iron. Jute | Asphalt,! complete. 
per | .@. P. &e. 
| 











Ibs..| Ibs. | Tons. Tons. | Tons. | Tons. 


Norway and | yo | 94 §| 180 | 200 | 2400 | 137 | “570 | 8277 | Main. 
Sweden, Ro ee eo 7780 405 1-000 z ‘355 | Intermed. 
107 | 140 | 14770 | 625 | .. 5725 | 3 cores. 
eet? a gs | 18 » |» |. 7700 | 600 | 850 | 9480 | ~ ,, 
ydney, " | " | 4-650 | -200 | 575 | 5-755 i 
Singapore and t 1881 537 3 107 | 140 | 10°350 "675 1°026 12161 | Shore. 
Batavia, | “1 | ow | 2803 | 225 | 554 | 3-692 | Main. 
130 | 130 | 10:00 | -600 | 1015 | 11-731 | Shore. 
Trieste and 550 mi < 5°340 400 127 6583 | Intermed. 
Corfu,. . | ” "| ” 1 9900 | 150 | 587 | 3-753 a 
"1 " | Fao | -057 | 371 | 1-654 | Main 
ee. 130 | 130 | 11900 | 550 | -400 | 12-966 | Shore. 
poo \ 1882 | 841 . | « | 5600 | 350 | -633 | 6-729 | Intermed. 
> Fa ” Oaktet| ae 195 | -499 | 3520 | Main. 
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SHEATHING. 


Results of tests of Iron Wire used for sheathing Cables, by Clark, Forde, & Co., from a large number 
of averages taken between 1878 and 1882. 



























Carn q 

Size of Wire.| Peaking | o 4 

Name of Maker. Description. 2 easels ae Bp 3 

ey 
B.W.G| Dia.|wirelss alg & 

In. | lbs. |Tons}__. 
ae on Iron galvanised, 6 | °200/2266] 32 {18:3 
Felten & Guillaume, | Homo. iron gal., | 13 | °100)1113} 63 | 7-1 
“A A. 5 i. 13 | -100|1370| 78 | 5-7 
Johnson & Nephew, Pe, ig 13 | 098/1392| 82 | 51 
Felten & Guillaume, . ue 13 | :099/1286] 75 | 5°5 
. fe 13 | -099] 981] 57 | 4:9 
Felten & Guillaume, Tron galvanised, 6 | -200/2142} 30 |18°1 
Johnson & N ephew, < - 6 | °198)2052] 30 |19-0 
Felten & Guillaume, | Homo, iron gal., | 13 | -098)1094| 70 | 52 

G. F. Rogers, . 7 - o 13 | -101/1038} 63 | 3° 
Johnson & Nephew, ‘ 4 13 | -098)1884| 89 | 4:9 
Fox &Co, . 2 . 13 | -100) 959] 59 | 3°5 
Felten & Guillaume, Steel galvanised,| 13 | °099|1641|102 | 5-7 
Iron i 6 | :200/2213) 33 |14°5 
Johnson & Nephew, i. me 6 | °197/2069) 31 |18°5 
a i 8 | -165|1388] 30 |17°8 

Hill & Co., . * 8 | -160/1262| 29 |18° 
Felten & Guillaume, z = 8 | °169)1531| 82 |15-7 

ph) 9 ” ” 4 *240 3097 32 18° 
‘- ‘a x se 6 | -201|2136] 31 |16-5 


* Torsion 





Test. No. 
of turns Used in Cable. 
round itself 
and back. 
~~ | Bound. Back. 
= Duplicate Australian. 
o— a ” ” 
3 — 21 | Kastern & S. African. 
3 — 24 | Hong Kong, Manilla. 
ae ” ” 
3—3 ” ” 
Sera 9 ” 
a 10 99, »” 
3—3 Atlantic, 1880 
3—3 ” ” 
3—3 ” ” 
3 rand 3 97 ” 
3 — 2 ” 39 
3 — 0 Placentia, Sydney,’80. 
a — 0 ” ” | 
3 =< 0 eve eee 
3 =" 0 eco eoe 
3—0 
3 — 0 Placentia, Sydney,’80. 
*3 — 1 Greitseil, Valentia,’ 82.! 





* The twist test is now always applied besides bending and unbending the wire round itself. 
The weight per knot of 4B. W.G. iron wire=878 lbs. | The weight per knot es B. W.G. iron wire - 450 Iba. 
6 


” 99 ” 29 = 29 ” 


hd ” 99 =14 ,, 
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CABLE WIRE FOR GOVERNMENT OF INDIA. 
TABLE OF WEIGHTS AND Tests FoR STANDARD SizxEs. (See Specification, page 240.) 











| & = ey Corresponding Tests for Strength and Ductility. pe 
7) . 

a |szS 
4 a3 a Twists Twists Twists Twists Twists | Maxi- | Mini- 
5 Pa | Tobear jing in.| T° bear jing in.| TO Pear ling in.| TO bear ling in.| T° Pear ling in.| mum. | mum. 
| Lbs. Lbs. Lbs. Lbs. Lbs. Lbs. | Lbs. 
| 3s | 900 3,000 10 3,075 9 3,150 8 3,225 7 3,300 6 95 105 
42} 750 | 2500 | 11 | 2,562 | 10 | 2,625 9 | 2687 | 8 2,750 95 | 105 
53 | 600 2,000 12 2,050 iW 2,100 10 2,150 9 2,200 8 95 105 








Notre L—In order that the wire may be readily recognised as cable wire, the binders of the 
coils are to be ungalvyanised. See Para. 16. 


Nore II.—No joints will be allowed in Cable Wire. See Para. 11, Specification, page 240. . 
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SIGNAL ALPHABET. 
NEEDLE AND NEEDLE AND 


Morse Mirror. Morse. Mirror. 
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SIGNAL ALPHABET. 
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SrmpLex TRANSLATION AND SIMPLEX SECTIONS ON SUBMARINE CABLES, 


(B. Smith.) 
keg 
S$ ae 






CABLE 1, : D, C, CABLE 2. 
Ly] 
SSSSS| ciek ]SSSSSS 
DY 1 | 


Where cable 1 and 2 represent the two cables. 

signalling condensers. 

Dr, D2 ee galvanometer detectors for sending currents. 

commutators for switching from the one system to the other. 
Siphon Recorders (or mirrors). 

S1 S82 ” switches for turning to send and receive. 

Ki, k2 ” sending keys. . 

p sa » batteries. 

£i, £2 ” separate earths.—(See p. 314, for directions.) 
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DupLex TRANSLATION ON SUBMARINE CABLES:—(B. Smith.) 


CABLE |. CABLE 2 
A MARA SAASSAN SSS SSS & ° Cc 
b 
oe , 
AL Zi % WEY, 
se 
EYL nice. 
otith 
4) 
By 





Siphon Recorder Signals 


mo, : YN . 
fe eae ee i a Yor niacin 2 2 f. fA, 
Wee Seeastoscase 26066 © 000688688 ° . x . . 


2 % Ge es ‘ 
Balance. a OW Aaa Me f ee 


A al 5 2 eth Soe Ae. 
Le we ocae % rs ‘ i 
i XU 


Photographed from actual signals taken by A. Jamieson, at Alexandria, Signalling from 
Marseilles by Muirhead’s Bridge Duplex as above. 
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DIRECTIONS FOR WORKING SIMPLEX TRANSLATION, &,—(See p. 312.) 


For translation from cable 1 to cable 2, using recorder, S R1, have connections as shown in 
diagram, with plugs in No. 2 holes of Co1and Coe. To translate from cable 2 to cable 1, turn 
switch, Si), round. For translation with recorder, S Re, put plugs in No.1 holes of commutators, 
Coi and Coz, For simplex put plug in hole 2 of commutator, Co1, and in hole 1 of commutator, 
Coz, When many locals are not expected at an intermediate station, simplex translation increases 
power of transmitting traffic about 75 per cent. over old form of simplex and writing down 


- messages and re-sending them. 


DuPpLEX TRANSLATION CONNECTIONS.—(p. 313). 


For working two long Cables with Sir William Thomson’s Recorder. 


Index to Diagram. 


A&C represent extreme stations. a&b represent arms of Wheatstone’s 


B 3 intermediate station. bridge. 
SR “5 Siphon Recorder, or other AL re artificial line (Muir- 
recording Instruments. head’s). 
Ki, Ko, Ks, 74, ” sending keys. C receiving condensers. 
Bi, B2, Bs, Ba, “a + batteries. # ES earths. 


The above method, well carried out, is capable of accomplishing nearly three times as much 
traffic as can be done by ordinary simplex working between stations, A and C, with inter- 
mediate one, B. The two operators at station. B, simply send the signals as they appear on their 


slip, but can break in at any time to send locals. 
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SIPHON RECORDER SIGNALS. 


Alphabet, photographed from Sign 
buco-St. Vincent Cable, 1844 Knots. 


Ss % a 4 
she oe VA, wT a FAS 
| 
Onderstand 
& 
J ? a 2 


: t a ane 
A t ea 
gf of i ‘% A t ra e 4 
owe 4 . “ny ff - a : - 
os V7 t Sf 


als received at Pernambuco, by A. Jamieson, on the Pernam- 


w mM A cay WA 2 nA 
Aah ah ato fy 
VAY Be A A IM 2 wired 
Reply 


VG 
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ELECTRO-CHEMISTRY. 


999 


ELECTRO-CHEMICAL EQUIVALENTS. 
From Electrician’s Directory, 1885. 


Calculated on the basis of Lord Rayleigh’s recent determination of the electro-chemical equiva- 
lent of Silver, and the corrected atomic weights of the elements as given by Roscoe. 











Electro- Gram- 
ee Py were coed orn mes 
ELEMENTS. Oe eer Mage ie oe eee er per Log Log 
ency.*; Weight er Ampere 
y SU) valent. Gaulonab) Gramme Hoar, 
| e€ Z qd w qd w 
TY GE DA INT NEE NRNNY ANERLIE S| CUA Soe 
Electro-Positive. 
Hydrofvenss =... 2:| 1: 1: | 000010384] 96293-00 | 0 :03738 | 4°9836353 |2-5727090 
Potassium, “.06,. «| Ki 89°04 39°04 | 00040539 | 2467°50 | 145950 | 3°3922572 | 01642041 
PSOUIUM?... -.° Jive - | Nal 22°99 | 22°99 | :00023873 | 4188°90 | 0°85942 | 3°6221000 |1°9342055 
ASurainiam, ye | -AlS fs 91 | '00009449 | 1058°30 | 3°40180 | 3°0245939 | 0:°5317086 
Magnesium, . .. .| Mg2| 23°94] 11:97 | 00012430 804:03:| 4.47470 | 2°905541L | 0°6507614 
GOSS we 2. on eee oe. | Auts 1960 654 | 00067911 | 1473°50.| 2°44480.| 3°1683501 | 0°3882433 
Silver, . - » | Ag! | 107-66 | 107°66 | :00111800 894°41 | 4:02500 | 2°9515366 | 0°6047659 


Copper (Cuprie), oa | Cu2.3| 63° 815 | 00032709 | 3058-60 | 1117700 | 34855227 | 0°0707765 
‘3 (Cuprous),. . {| Cul | 63° 63° 00065419 | 1525-30 | 2°35500 | 3°1833553 | 0°3719909 
Mercury (Mercuric), Hg? | 199:8 99°9 | °00103740 963°99 | 3°73450 | 2°9840725 | 0°5722325 
5s (Mercurous), Hg! | 199°8 | 1998 | 00207470 481-99 | 7°-46900 | 2°6830380 | 08732625 | 
Tin (Stannic), . . .| Sut | 1178 29°45 | -00030581 | 3270-00 | 1:10090 | 3°5145478 | 0°0417479 


* Valency is the number of hydrogen atomsit replaces. Atomic weight is the weight of the 
atom, taking hydrogen asl. 
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Electro- 


. Chemical mes 
-| ical lombs 
ELEMENTS Val- |Atomic Equi- (Grammes per per Log Log 
; ency.| Weight per Ampere 
valent. Coulomb). Gramme Hour 
e Zz qd w g w 


a | ef ef 


Electro-Positive. 
Tin (Stannous), . 
Iron (Ferric), . 

»_ (Ferrous), 


. | Su2 | 1178 589 | 00061162 | 1655 00 | 2°20180 | 32135178 | 0°3427779 
.| Fet | 55°9 | 18°64* 00019356 | 5166-4 | -69681 | 3-7131894 |1°8431131 
- | Fe? | 55°9 27 95 | °00029035 | 3445°50.| 1:04480 | 3°5372523 | 0:0190332 


Nickel, . . . .. .| Ni | 586 | 29°3 | -00030425 | 3286 80 | 1:09530 | 3°5167733 | 0°0395331 
Zine, we ew oe «| Gn2 | 64:9 | 32°45 | -00033696 | 2967-10 | 1:21330 | 3-4723322 | 0:0839682 
ea 7° ° 2 ® e a 


- | Pb2 | 2064 | 103-2 | :00107160 933°26 | 3°85780 | 29700027 | 0°5863397 


Electro-Negative, 
Green ws 2 x OR 1596 | 798} -00008286 ae === ope oes 






Chigrine,> °. ¢. | GH 35°37 | 35°37 | 00036728 oes rr) one ose 
mame | 126°53 | 126°53 | "00131390 Soe ese eee eee 
Bromine, s » € | Bet 79°75 | 79°75 | °00082812 eee eee oes eee 
Nitrogen, ee ep) Oe 1401} 4°67 | 00004849 nee eae ons ooo 


* Becquerel’s extension of Faraday’s law showed that the electro-chemical equivalent of an 
element is proportional to its chemical equivalent. The latter is equal to its combining weight, 
and not to atomic weight+valency. For example, the ferric salt is an exception to the latter 
rule as are sesqui salts in general. The electro-chemical equivalent in grammes per C.G.S. 
- unit, Z=10 times z, because a coulomh= 7, of the O,G.S. unit of quantity. 
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ELeEctrO-MotivEe Forces oF VARIOUS CELLS. 











E B.A. 
| + Plate. Porous C Cell. — Plate, Volts. 
| Daniell, | Zine amalg. ee acid, 7% || : I Sabieated solution Copper 1079 
| to of copper sulphate | 
e Es 22 tol 3 0-978 
9 ” ” Nitrate of copper os 1-000 
a aera Woe 
Be - ulphate of copper : 
es “0. _ Sulphate of zinc hs % - 1:07 
Standard, | saturated solution] Saturated solution ‘2 1079 
Grove, = Sulphurie acid, 73|} Nitricacid(fuming)} Platinum 1956 
to 1 
8 * Salt water : — acid, sp. gr. 25 1904 
"Oz 
¥ a Sulphuric acid, 22 “a re 1'810 
to 1 
” - Sulphate of zinc a ts 1:672 
Bunsen, = Dilute sulphuric ||Nitric acid Carbon 1-734 
acid 
Smee, Zine Sulphuric 1, water7 Platinised sil.| -48..11 
Walker, i e a: | » carkon] S.c1 





Ncte.—These E.M.F.’s are 11 per cent. too high, and should be multiplied by ‘9889, 
the ratio of the B.A. unit to the legal ohm. (See p. 14.) 
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Evrectro-MotTive Forces or VAartous Cetts—Continued. 














. B.A. 
+ Plate. Porous Cell. — Plate. | Volts. 
—e SS eee ah aa ee | ee ee 
Callan, Zine amalg. | Dilute sulphuric || Nitric acid Cast iron 1-700 
acid 
“| 
Poggendorf, 4 a ; 5 v4 “eis vas Carbon ae 
Marié Davy, Sulphuric acid, 22 || Paste of sulphate me 1°524 
O of mercury 
a ” ‘Dilute sulphuric 55 ses lt 1:33 
acid 
Leclanché, : 4 Solution of sal || Binoxide of man- oF 148 
ammoniac ganese 
Dela Rue(p.334j Zine Chloride of ammonium Silver, +AgCl) 1-030 
Skrivanov,* aS Solution 75-caustic potash to 100 water ” wn) eto S 
Schanschieff, a of basic sulphate of mercury Carbon 1:39 
Becquerel, Zine amalg. Sulphate of Zine Sulphate of lead Lead 0°55 
Niaudet, a Common salt Chloride of lime Carbon 1°65 
Duchemin, a pe Perchloride ofiron Lead 1541 
», secy. Battery,| Platinum Dilute sulphuric || Dilute sulphuric | Platinum Lag 
acid aci 
Latimer Clark | Zinc amalg. | Sulphate of Zinc || Paste of sulphate Mercury 1°45 
(standard cell) of mercury 





Note.-—These E.M. EF. s are 11 per cent. too high, and should be multiplied by ‘9889, 
the ratio of the B.A. unit to the legalohm. (See p. 14.) 


* Used for elec ric “star” lights. 


BATTERIES. 





ganese; inter- 
nai: Trés.== 4 


~ ohm (Llockin), 


Higgin’s  cas- 
cade, internal 
res.='1700hm, 

Thame’s, 

Bennet’s, inter- 
Hay Tes. =} 
ohms, 

Laiande - Cha- 
peron, 

Faure’s second- 
ary battery 
(see p. 534 b), 
Sellon-Volek- 
mar, 


Planté, 


ELectro-MotTive Forcres oF Various CeLts—Continued. 


+ Plate. 


Zine in mer- 
cury 


Zine 


“Ee 


Zinc amalg. 


Lead plate 
coated with 
minium 
Lead plate 
primed with 
minium 

Lead 


Porous Cell. 
ae ar 


25 grammes cry- 
stallised salt to 
1 litre water 


Chromic acid 


Dilute sul. acid 

t otassium hydrox- 
ide (KHO), with 
distilled water 

Caustic soda solu- 
tion 

Dilute 
acid 


sulphuric 


Sol. sulphuric acid, 
sp. gr. 1,10v° 


Dilute sul. acid 


Howell’s man-! Zinc amalg. | Ammonic sulphate,|| Sulphuric acid, 1]Carbon + 


acid to 5 parts 
water 


Sulphuric acid 


| yaeae acid + CrO2 


le 
Damped with 
(KHO) and water 





Oxide of copper or 
‘“copper scale” 
Dilute sulphuric 

acid 


Sol. sulphurie acid,}| Lead plate 


sp. gr. 1,100° 


| Dilute sul. acid 











B.A, 
— Plate. Volts. 
o904 
manganese 
dioxide + 
manganese 
sulphate 
Carbon 19 
Carbon. 2 
Tron can with} 1°3 
iron borings 
Iron 1 


Lead plate }2: to 2°2 
coated with 
minium 
215 
primed with 
minium 
Lead(spongy)|2° to 2°2,; 


Note.—These E.M.F.’s are 1:1 per cent. too high, and should be multiplied by *9589, 


the ratio of the B.A unit to the legal ohm. 


(See p. 14.) 
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3380p DYNAMOS—EFFICIENCY FORMULA. 


Watts lost in) 
armature, 


Watts lost in 


magnet coils, 


Lost volts, 


Total electrical ) 
energy)_er se: )f 


U eful er E, 


cal output, 


Economic co- ) 
efficient, J 


Commercial 


SERIES MacHINE. 





R 
2 8 e 2 
Ez Cg = Cg(R, +R, +B, )/E, Cy = 02(R, tae) Fn Oa =Ca 
e 


re 
=C, R, 


e€ 
E R, +Ry,+R, 





eflcieney per 100 X BE, C, + (HP X 746) 


centage), 


N.B.—Horse-power is con- 
verted into watts (so as to 
compare with electric output 
of the machine) by multiply- 
ing by 746. 


SHUNT MACHINE. 





R 


2 
E,C, =C, R, 
O. Re 
2 2 2 
Ce R, +, Ra + Cs R, 


100 x E, 


*This will be a maximum 
when, R, is a mean propor- 


tional between, R, and, Rg 





C, + (HP X746) 





CompouND MacaHIneE (Short Shunt). 





Cc. R, 
2 
CU Rn +, Rs 
C,R, +C 
(R R, (Ry, + R,) 
a ti, +R, + R, 
uO, —C-R, 
C, R, 
ye. ee ee eee 
2 HB MES SC pi 
C2, R, + Cg Rg + ©; 3s + Ye tm 
100 XE, C, + (HP X 746) 








In well-constructed compound 
machines the difference between 
“short shunt” and ‘ long shunt” 
is very slight, as, R,,, is so small. 
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UsEFuL INFORMATION REGARDING THE GAs COMPANIES OF GREAT BRITAIN AND IRELAND IN THE 


PRINCIPAL TOWNS, WHERE GAS Costs 5/ OR LESS PER 1000 CusBic FEET. 





Name or Town. 


Belfast,e . 6k 
Birmingham, . 


Bolton, 6s 
Bristol fo. 


meoablin 6. 


Dundee, *.-\.. 
Edinburgh Gas 
2c Bis Os Se 
Do., Leith and 
District, . 

Glasgow, . .. 


AGOCOS,) 50°. 5 


Aberdeen, . 3 


Population | Annual Sale | Power Stand- Price per © | Number 
istri sin a j 4 ubli 
ae 1000's cabic ft. = £ Sie mich ihe 
7 per hour, 
100,000} 240,000] 27 to 28*| 4/ less dis.] 2,526 
230,000} 614,000} 172 | 3/2less dis. 
; 2/3 to 2/9 
1,000,000] 2,716,568] 173 , Joss 5 °/, ¢ | 20,000 
150,000] 489,149] 182 | 2/8to 3/5 | 3,033 
950,000} 980,000! 17 | 2/4to2/9 | 4,800 
360,000] ... 16 3/11 “% 
160,000 :.. 26 3/4 4.300 
170,000] 638,830] 28 3/8 8,000 
129,000| 285,170 97 3/8 1,401 
750,000 | 1,807,851! 27 2/8 = 
320,000 | 1,426,000/ 20 ; as dis ; 7,000 
2 ° 














| 
Illuminating | 





Price paid 
for Public 
Lamps. 


city 3/6,and 
suburbs 4/ 


4,300 |60/ each # an. 


2/3 less 5 °/, 
2/8 

2/4 less 5 °/, 
3/4 
3/4 


3/5 


15/8 per 
single jet 


6/6 each 








Dividend. 


Redeeming 
annuities of 
£2000 to £3000 
to original 
shareholders 
in old Gas Co. 
Corporation, 
Corporation. 
Corporation 
10 


7&10 
Corporation. 


10 
8 





Corporation. 


Corporation. 


* For other towns see Gas and Water Co.’s Directory and Gas-Works Statistics, by Charles W. 
Hastings. London, 1884. 
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UsrFvut INFORMATION REGARDING THE Gas Companies OF Great Brita AnD IrELAND—Continued. 








Tluminating 

















Population} Annual Sale | Power Stand-| price per 1000 | Number 
Name or Town. in District | of Gas in ard Candles cubic feet, of Public | Price paid for Tublic Lamps. | Dividend. 
supplied. |1000’s cubic ft.| pers. cb. ft. Lamps. 
per hour. 
Liverpool], . . | 750,000 ose 213 2/9 16021 | eee 7 & 10 


London, The 





Gaelicmand.| ... |14,68e@909| 12 conn /3/ common 


Ceeen 20 eannel|3/11 cannel 48,832 | 2/8 com’n, 3/6 cannel 1] 
Do., The South 
ree opolitan cae 3,936,529 16 2/8 14,270 2/8 less dis. 12 
Do., The Com- xe . iy pcg 
Te tealtes t sss)” | 1,5@RE00-h f° 17 2/8 4,921 76/ each 93 & 198 
Do., Crystal’ ) 
Palace Dis- ete: 486,627 14 3/ 2,044 3/1 less 5°, 6, 7, 10 
= big cis 9) 
fe) ea ridge ~ 
Uiectie eo} x 46,584| 14 5/ 370 “a 7 &10 
Manchester, «| . | 500,000 3d 12 2/8 to 3/2 ue 1 lamp 4 Corpor. 
ewcastle-on- ' a 1 /periamp q Weel 
Tene, | 200,000 | 1,040,000) 16 1/103 6,087 cee 1 of nie 9 
Nottingham, . | 250,000 5 183 2/4 to 2/6 Si 2/4 Corpor. 
9/7 to 2/10 
Oldham, . . . | 160,000| 580,994 183 <joutside 2/9 | + 3,081 2/62 ‘ 
borough 3/ 
Salford, . . . | 280,000] 668,908 21 |3/,3/1,8/7,4/| 6,240 3/ ig 
Sheffield, . . . j 820,000 sae 18 2/ to 2/4 4,900 2. 10 


(oS ee a a aaa a a a 
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UsrFuL INFORMATION REGARDING THE Gas CoMPANIES OF GREAT BRITAIN AND IRELAND, 


SMALL TOWNS WHERE GAs COSTS MORE THAN 6/ PER 1000 Cubic FE&T. 
a 


Illuminating 














Population! -| pa t Price paid 
Name or Town. id Ditties a ee dairies gare i at Public for Tublio Dividend. 
supplied. cubic feet. per s. cb. ft. Lamps. Lamps. 
per hour. 
pperiour.” 2-3 2): 600 190 8 13/ as aaP oes 
Banchory, ‘ sr ey 983 694 33 10/ 19 7/6 5 
Boughton Blean, : 1,661 666. sas ase son 5 
es ictaun(isie, of Man), 2,300 4,700 18 6/9 less dis. eee minted nate 
Cawood, 1,147 16 7/ og | {£48,1st Oct. | 31 
e ° e ry ° 9 eoo to Ist April 2 
Colyton, 5 2 sia =e 480 ae eae 7/6 ane jae ae 
Croston, «liad See eal wgOLS 800 aos 7/6 ist a os 
Debenham, sais 1,349 580 _ 10/* ae 60/ each 
Dufftown, ee 1,252 700 28 12/6 a one 5 
Raster Buckie, pS ee nl 2eeuU 960 23 9/2 less dis. wee eee 5 
Ellon, seemhaee 900 234 ade 13/9 es a aia 
Fortr ose, Pee 914 120 25 14/ oes 26/ each ee 
Golspie, . So facia Puls lOO 650 30 10/ ae abe ees 
Inveraray, Say aad 935 1,200 3 10/ 22 10/ 10 
Old Meldrum, .. 1,492 ey ae 10/ oes oa pas 
aes Sie eeat | 2,619 1,102 195 9/2 cee £30 sen 
Sedburgh, . ot etipe tet, 983 1,500 = 7/6 bee 20/ each ae 
Wendover, .. . . | 2,033 wd st 7/1 25 36/ 5 
Wenlock, 5. eRe 258k a x 7/6 iS 42/ ,, 4 
phettord, 53> ~herus 1,073 1,698 20 6/8 20 35/4 6 





In England there are over 99 towns charging from 5/6 to 6/8. 


! { 


In Ireland there are 28 towns charging from 6/ to 10/. 


In Scotland aN 40 », 6/0 to 10/. | In Wales 5 towns charge 6/8; and ali others under. 
For other towns, see the Gas & Water Co. ‘a s Directory and Gas-Works Statistics, by Charles W. "Hastings. London, 188+. 


* The highest priced gas in England. 


. —! ($61 ‘d 90s) AJLAMONPOD ALOY4 JO Japs0 94 
UI posuvdlivy av SsdUV{SqNs IY —"sIWVIE SUMINpPUGD 


—_— 








¢ 








* ‘asuep 
i ott B1}xX9 a[qnod 4 ‘. 
"uosulydoyy ‘f ¥.2 eh ‘ostiad, * e 
€2.9 e * . ‘QUST 6c cé 
19.9 < “QUST Ada A ‘SSUID GUL 
ie * Sob 
oH 1°. 4° co “eqoredeqgng 
‘i SIeAL. | 2.609 66:6. .[ 05 te * OUT 
‘UURUIZI [OG PRIS |CEGD te’ was cigs eo 
“IOUTINM | 1Z.¢ 01 98.25 inqdjng 
"UMPUIZ9 [0G OLS) 
“A9T[TYOS OLGr ll.) we oS goatee 
_ “tou U A 9.3 af 
eerste Hoiaeb rie . : UISoy 
“AOT{TYO LUGO] : 5 
“TIT |TYOS 6.4 | ° “* ° feadng “reqqni-vrpuy 
“AIT[LYIS 1p.g | ° ° ‘AMT ‘XB UNgeed 
h “TUUVUZI[OG 8.3) 
“Av Oe pile UOsqLy PLOT et sc. ok ‘ 
“IOUT[UM, 96.0 Iva[N XVM URieg 
“LOTTIE 66.1 
a uw 1 ‘IINSSIIG SITJOUIT[[IUI 99 
bags £00. | qnoqe 4v aprlxory anyding 
: e ‘aInssaid Sa1joUll [IU 
wUUIZyOT | — FZL000.T}| oy gnoqe ge se UEgAIO 
u0JILYV 8000.T ¢| ‘atnssoid Satjoul [IU O92 
“UUeUZ4 OF 992000. () Fnoqe urease pr 
‘paiep * “eanssea. 
“UL4S OY} SB UdYRY, tt “TITar O9L Hoge ye ATV 
"U0 JAY 8666.0 (| ° ‘adnsseid sotJaUIT[ | 
“UNeBWUZI[Og 1666.0 L| 092 gnoqe ye tasoipAFT 
*UUvUIZ3/0g IF666.0 (| ° ‘ainssoid Sa1JoUll [IU 
"UOJILY C866.0 l| ¢ gnoqe 4v are ‘UIMNIRA 
: * - ‘ginsseid a1}otUI[ [Ut 
Goyrdy | qnoqe 76.0} 100.0 noqv 4v 118 ‘uINNIB A 
“f “AWIedLH OAty > 
PLOYINGY ‘npul oyroedg doTBISQUY 








‘SUILIOVAVO HAILONGNY O1dlOgag 


‘10 7.189- aunuiyed : 88. 


*MOM-UT} $690. 
qouquop 


‘UT4-pva 


‘(AAag pup uojihp)—'s It. 


‘tunuyye[d- -19ddo9 : gf. ‘teddoo Wo! ‘ ET¢. 


:O1Z. ‘pvo[-OUlZ IO —: 870A ut TINA 
‘oqydvas ‘unuyyeid ‘pjo8 ‘aeayis ‘aeddoo ‘uoar ‘uy 


‘peel ‘OUIZ ‘UINISOUSvUL ‘UINIPOg—: SUTAMO][OJ T]@ YIM 40%] 009 
ul + SI [ejout yorq— UY NI STIVIG] JO Saad y 1IDUING?D 
"UOT POT[Oo ‘eyosodeyqns ‘raqqna 


-eIpPUl “INYdns ‘s;ejout ‘yTIS ‘ssvps ‘AUOAT ‘/OOA “INV : — SaLODEY 
YOR A “BULAO]T[OJ vsoyy jo AUB YYIAM paqqua UsYA + sULOIeq 
Sf O49 UL Joysiy sooURIsSqNs OY]. —'SdIdg JVUOIIIAY 


SQOUNV TTHOSIM 


‘SQOUNVTIXOSIN 96g 


- 


‘oansseid $41 
0} SUTploo0R 4sIT vy} uO i : ‘are Aq 
OYysiy spurys are aw 
‘Aqrpenb oy} yt J(ai tu ee 
jamod a youu sewed i id 9 
; ‘oyMOgnT 
: “xUM Upyereg 
|e . ‘oeTTOyS 
| . ‘19q qN.I-BIpuy 
‘S107B [NSU ) : ‘eyouedey4 ny 
1O SLOJONPUOD-UONT } * , * “UIseyy 
' : ‘rnydiug 
| ‘ * XeUM-SUTTBIG 
| Laie ap oiie: cereale! 
e e . ‘TOO AA. 
: ° ‘urelfeo10g 
Le e ° ‘STIO 
. * ‘yedeg 
- . ‘OTLB TAL 
‘S10JONPUOD-1ULOS 10 TeIZAVg * poomArqy 
° ° ‘7109909 
ee *  ‘&poq out, 
i ° . *109'8 MA, 


BOUTIJOUIOS ‘sqoyoOnpuo0D *  ‘WorTynyos ouryeg 
88 poss¥[d soUITJoUIOG ; : * ‘Sploy 


‘SLOJONPUOD-1WIOS SB |: "  “1a7eM-Bag 
| ‘oyoo pure [vooreyQ 


‘ ‘ ‘AINO.LOYAL 
e ¢ e C4 
*s.10Jonpuod aus f : , pe 
e ry o ‘UOT 
‘fs “armaryeyg 
° es ° ‘QUIZ 


r) a « *ploxy 
: t ‘rod dog 


(: : * *JOATIS 
‘SUTUHS DNITOAGNOO—SNOANVITHOSIN G68 


MISCELLANEOUS—THERMO-SERIES, 


400 


WThermo-electric Scale, — With respect to lead, at a mean temperature 


of 20° C. (Matthiessen). 


centigrade :— 


Bismuth of commerce in Wire, 5 


”? 


crystallised along axis, 
normal to axis, 


9 
Cobalt, . 
German Silver, . A 5 
Mercury, A : \ . 
Lead, . . n - > - R 
Ce eee Se AP. ey ae : 


Copper of Commerce, oO f see 
Platinum, . " ‘ A 3 Ps 
Gold, . : : eo ~ 


pure a i 


Antimony, pure, in wire, 


Silver, 
Zine, 


Copper, galvano-plastic, 


1 


” 


® 
° 
> 


Antimony of commerce in wire, 


Arsenic, . 


° 


Iron, piano wire, . 


Antimony, crystallised along axis, 


1% 


Phosphorus (red), 


Tellurium, 


| Selenium, 


normal to axis, . 


. 


e 


e 


The E.M.F.’s are in micro-volts per degree 
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30’ se" | 42° | 48° | 5 | 123] 4 
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